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WHAT THE EARTH IS COMPOSED OF. 

Iir rROFKSSOR RdSOOK, F.ll.S. 


LECTURE J. 

The fiiicstion as to tho composition of tlKv,iorrestrial matter, or 
what the earth is composed of, is one which has interested men 
from very <^aily times ; but it is also one the solution of which 
has only been even partially found within a comparatively 
recent period. The ideas of the ancients on this subject were 
vague i^id unsatisfactory ;>and it is dillicultfor us at the present 
day, when our knowledge, so far as it goes, is clear and precise, 
to put ourselves in the position of those who lived in past ages, 
or clearly to see the dilliculties which those great minds had to 
encounter who broke through the thraldom of the Aristotelian 
philosophy, and prepared the way for truer views of the consti- 
tution of the earth upon which we live. From remote years, 
throughout the dark ages, and even down to recent times, the 
prestige of Aristotle altogether prevented the establishment of 
anything ,like a true view of the great phenomena of Nature.., 
The doctrine of tho existence of the four elemental states of 
matter — fire, air, water, earth — was generally accepted ; and the 
possibility, nay, the proved fact, of the conversion of one kind of 
substance into another kind, and especially the transmutation,'* 
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us it was termed, *of the metals, was universally ackiwwledged ; 
so that the strivrnci of the alchemists to obtain the ** philoso- 
j)her’s stone — which should enable them to convert the •base 
into thb noble metals-^followed as a matter of course. Ntt 
came the assumption of the existence of three principles, of 
w'hich the material universe was alleged to be composed, namely, 
mercury^ salt, and spirit, which, “ mingle as mingle may,” wer^ 
thought,* somehow or other, to produce all the diiferent forms of 
matter which we see around fis. 

The man who, more than any other, stands conspicuous as 
having first distinctly oppo^d the prevailing views respecting 
the essential constitution of matter, and to whom we are indebterl 
for the overthrow of the Aristotelian as well as the l^uracelsian 
philosophy, is the lion. Kobert Jloyle, who was born in 1G27 
and died in 1691. llobert Boyle M as a very extraordinary man., 
lie left behind him an extensive series of works, in which m'(^ 
find not only the description of a large number of important 
])hysical experiments and discoveries, but treatises upon almost 
every other branch of inquiry, including even theology. In his 
curious and interesting chapter entitled Tli^. Hceptical Chemiat^ 
jmblishodin 1661, he upholds the view' that it is not possible‘s as 
had hitherto been supposed, to state at once the exact number 
of the princii)le8 or essential constituents of matter ; but that, 
on the contrary, all gthose forms of matter which were not 
tliemselvcs capable furtlier separation must be regarded as . 
simple or elementary bodies. Thus, in his introduction to tho 
ISceptical Cheinut; or, Critical Chemico-Physical Doubts and Para- 
doxes touckiiig the Experiment^ ivhereby Vulgar Chemists are 
to endeavour to evince their Salty Sulphury and Mercury to be tJie 
true Principles of ThihgSy he uses ths followdng expresyc^^f : — 

“ It may as yet be doubted M’hether or no there he aay 
determined number of elements ; or, if you please, whether or 
no all compound bodies do consist of the same number of 
elemenUry ingredients or material principlej.” ^ 

Boyle was the first to point out the great fact — wlutfh is.najv 
the corner-stone of our science of chemistry — that a grand dis- 
tinction must ho drawn between compound and elementary 
bodies. He held, as indeed all chemists do at Jthe present day, 
•that chemical combination consists of an approximation of the 
smallest particles of matter, and that decomposition takes place 
when a third body is present capable of exerting on the partiiles* 
of the one elenient a greater attraction than is possessed . by the 
particles of ih6 other element with which it is combinedL We 
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have in the works of Eohert Bo;yle, then, the first instance of 
the recogi^^ion of the important fact in the* world of science, 
tha^ there is an essential distinction between substances which 
ike chemist is able to split up into dilferent bodies, afid those 
substances which the chemist is unable to divide thus; and to 
this latter class is given the name of cheimcal elements, I will 
^endeavour to elucidate this difference in the essential ^properties 
of matter by an historical illustration. The year before last 
Professor Thorpe gave us a lectifre in this hall upon the life 
and labours of Joseph Priestley. I'hose who wore present on 
that occasion ^v\\\ remember that professor Thorpe pointed out 
how Priestley discovered oxygen on the Ist August, 1774. They 
will remember that Priestley took some of this red powder, which 
he termed calx of mercury, and found that when it was heated 
by the rays of the sun it underwent a peculiar change. AVe 
•cannot heat tlie powder at this moment by the direct rays of the 
sun, but we will do so by indirect solar rays, for the beat of this 
gasdarnp is in fact nothing buT/ solar heat derived by a round- 
about process. If I heat this red powder, as Priestley did, we 
find that it disappears, and that whilst the red particles dis- 
apfjear, certain bright globules become visime on the side of the 
tifbe ; and these globules prove to be shifting metallic liquid, 
mercury, or quicksilver. Moreover, a gas is given off which 
has the power of re-igniting this hit o5 red-hot chip of wood, 
as yo^ may see, when I plunge the fed^-hot wood into the 
colourless ^as contained in the tube. Here then we have a very 
distinct and remarkable change taking place, a change which no 
■one*^could foresee, and which was not observed until about the 
year 1774, when Priestley made the experiment you have seen, 
about a creation ^f two distinct things out of this red 
j^owder, namely, the bright metallic liquid mercury which you 
see here ; and the colourless oxygen which we have in this 
globe. 

The news of this discovery of Priestley’s was at once conveyed 
to Paris, "^and became known to the French chemist, Lavoisier, 
and he then made an experiment which is of great historical 
interest, as not only illustrating the point upon which we are 
engaged, but at the same time proving the fact that the air is 
not a simple or elementary substance, but contains two diflerentf 
gases, viz., oxygen and nitrogen. For this purpose he introduced 
into this globular retort (Fig. 1.), the long neck of which was 
bent down as you see, about four ounces of pure mercury or 
quicksilver, and he measured carefully the exact volume of air 
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contained in the retort and in the bell-jar, the side of which was 
marked with a graduated scale. By means of a^rnace he 
heated the mercury nearly to its boiling point. The total volume 
of air before he began his experiment, was exactly fifty cub(c 
inches, at a temperature of ten degrees, and the barometer at 
twenty-eight inches. At first no apparent change was brought 
about by the action of the heat, but after a while, little red 
specks Ijegan to appear upon the surface of the mercury, and 
these specks grew larger alld more numerous as the heat 
continued. At last, after heating it for twelve days and twelve 
nights, no farther increase ^n the number and'^ size of these 
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red specks was observed, and so Lavoisier allowed the whole 
apparatus to cool down again to ten degrees. He then once 
more measured the volume of air, and he found that instead 
of having fifty cubic inches of residual air, the volume wa^ 
reduced to between forty-two and forty- three cubic inches ; so 
that it appeared that from seven to eight cubic inches of air 
had disappeared. Lavoisier next took his apparatus to pieces, 
•and collected carefully all the red powder, which he. found to 
weigh exactly forty- five grains. The next part of his experiment 
is iUnstrated.^ He took the forty-five grains and placed thei^ in 
the small tnbe-retort (Fig. 2), and proceeded to heat the powder 
by means of a lamp, having a gas delivery tube so arranged that 
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lie could iCoUect and measure any gas 'which might be given oil 
in a g^adu^|;ed cylinder. After he had heated these forty fi\ e 
gratis of powder for some time, he found that a gas jnade its 
appearance, whilst at the same time mercury was deposited on 
the sides of the tube. When the opemtion was completed, 
and the whole of the pow'der had undergone this change, 
Lavoisier observed that between seven and eight cubic inches 
of a peculiar gas had come ovej into his cylinder, and this 
gas had the property of re-igniting a red hot sjd inter of wood ; 
it was, in fact, oxygen gas, or “ vitil aii as it "w^as then termed, 
which Priestley had jireviously discovered. 
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I will now give you another illustration of the possibility 
of splitting up some kinds of matter into different constituents. 
In the yeai* 1783, some time, as you will observe, after the dis-^ 
covery of oxygen gas, a man of whom you have also heard, and 
whtse discoveries were pointed out to you last year by Dr. Thorpe, 
1 mean the great Henry Cavendish, proved that water is not an 
elementary substance, but that it may be produced by bringing 
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together two ([uite different kinds of matter, that is, these 
two colourless ga*ses, which we term oxygen ancV nydrogeii. 
Cavendi%h showed that wh<*n these two gases, the first of whicli 
was tlken termed dephlogisticatcd air, and the latter inflammable 
air, were united in the right pr(^]>ortion, namcdy, one volume 
of oxygcti and two volutnes of hydrogen, they produced 
water, an(k nothing besides. In the year 1800, some seventeen 
years after this discovery by Qivendish, the action of electricity 
upon water was divScovered by Nicholson and Carlisle ; and it 
was found that by sending a current of electricity through 
acidulated water, we can actillilly separate the constituent parts 
of water, and obtain an evolution of the two permanent 
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gases. In order to illustrate this fact, I will pass a current 
electricity through some acidulated water, and the moment I 
make the contact of the wires, you see bn the screen a rapid 
ebullition of the water, but in which the bubbles do^not consist 
of steam, but of permanent oxygen and hydrogen gases. Fron^ 
this we learn that water is composed of these two gases. Next 
I have to show you how we can ascertain the exact quantity of 
the two gases necessary to be combined to form water. Instead 
•of allowing the bubbles to escape, as in the previous experiment, 
I will collect from the one wire the oxygen, and from the other 
the hydrogen, gas. You see now that bubbles are rising €ioiu 
both wires, and you will notice in a short time that the two gases 
will collect in their separate tubes ; you will likewise observe 
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(Fig. 3) that the volume of gas in one lube is larger than 
the other when we make the experiment with care, we find 
lhj\t the volume in the one case is exactly double that in the 
other, the oxygen being always exactly lialf the volume of the 
hydrogen. Here then we have another instance that such an 
apparently simple substance as water can be split up into two 
s totally diflereiit substances — oxygen and hydrogen. , 

As a third instance of the decomposition of substances into 
two or more essentially differen? bodies, 1 may lake this white 
salt, called sugar of lead, and I show you that it contains the 
well-known ihetal lead. This metgl I can obtain from the white 
powder by a similar kind of process to that which I adopted for 
the extraction of the mercury from Priestley’s red calx, only that 
in place of heat I shall employ electricity for the purpose of 
separating out the lead. You now see that when wo make tin*, 
contact we obtain on the screen a beautiful crystallization of 
metallic lead. You observe that the crystals are beginning to 
grow, and are throwing out'^their arborescent shoots over the 
screen. From the other wire we have the evolution of bubbles 
which if collected would turn out to consijjt of oxygen gas. In 
tRo time of Lavoisier, only seventeen elementary substances 
Were known, and these seventeen bodices w^ere the bricks out 
of which the chemistry of that time had to be built. These 
seventeen elementary bodies were divi«3ed into three classes : we 
have^ — 


kia:ments known to layoisiek. 


(.’l.ASS I. 

Class II. 

Clash III. 

w Xi)N-Mktai,s, 

JiiE True Metals, ! 

The Hemi-Metals, 

Oxygen, or vit.il air. 

Gold. 1 

Arsenic. 

Hydrogen, or in Hum- 

Silver. | 

Antimony, 

mable air. 

Cotu»cr. j 

Bismuth. 

Nitrogeji. 

Lead. 1 

Zinc. 

Chlorine, 

Iron. 1 

Cobalt. 

Carbon. 1 

Tin. : 

Nickel. 


Since the time of Lavoisier, thanks to the labours of sevcrfll 
generations of chemists, we have now become acquainted with 
sixity-four elementary substances, existing in varying proportions 
in the air, the water, and the solid crust of the earth. Here is a 
list of these elements, some of which are widely distributed ; 
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others are marked common and useful while a long list at the 
bottom is marked rare elements ” : — 

TABLE t)F THE ELEMENTS KNOWN AT THE PRESENT 

TIME. 


MOST WIDELY DISTRIBUTED. 


Aluminium. 

•Hydrogen. 

•Iodine. 

Oxygen. 

* Bromine. 

• Phosphoru.s. 

Calcium. 

Iron. 

Potassium. 

•Carbon. 

Magnesium. 

•Jiilicon. 

•Chlorine. 

Manganese. 

Sodium. 

•Fluorine. 

•Nitrogen. 

COMMON AND USEFUL. 

•Sulphur. 

Antimony. 

Sr 

Silver. 

Arsenic. 

Stroll ti uni. 

Bniium. 

Lead. 

Tin 

Bismuth. 

Mtjrcurv. 

Tiing.sten. 

'Boron. 

Nickel.'" 

Uramuiii. 

Chromium. 

Cobalt. 

Platinum. 

RARE. 

Zinc. 

Cadmium. 

lianthanum. 

•Selenium. 

Cwsium. 

Lithium. 

I’antalum. 

Cerium. 

Molybdenum. 

•Tellurium. 

Didyniiura. 

Niobium. 

Thallium. 

Erbium. 

Osmium. 

'J’horium. 

Callium. 

Palladium. 

Titaii-lum. 

Olucinuni. 

Rhotlium. 

Vanadium. 

Indium. 

Rubidium. 

Yttrium. 

Iridium. 

Ruthenium. 

Zireduiuiii. 


Many of the substances named in the third division aW but 
slightly known, and have been experimented on by only a few 
chemists, and most of these have as yet not been applied to 
any useful purposes in the arts or manufactures ; still we cannot 
tell what a day may bring forth, and oven the rarest*' of these 
elements may at any time prove to be a useful and important 
body in ways not dreamt of before. 

The next important fact which I wish to bring before you is 
tjie fixedness of the composition of chemical compounds. How 
would it be possible to have a science of chemistry if the com- 
position of chemical substances varied from time to time ? We 
know that if we once make an accurate determination of fhe 
quantity of lead which can be got out of a certain weight of 
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this white sugar of lead, or of the mercury which we can obtain 
from thisq/'ed calx, we need not trouble oiiVselves to make a 
second determination. By one accurate experiment yga can be 
certain as to the result, for experience lias shown us that the 
same chemical compound always contains its constituent 
elements in the same unvarying proportion ; and this import- 
tant conclusion is one which can be arrived at by experiment 
alone. - 

It is only by experiment, or ny putting questions to nature, 
that she divulges her choicest secrets. Of all the means which 
have assisted* chemists in arriving* at these conclusions, the help 
afforded by the balance is the most important. The first man 
who employed the balance for the purposes of research appears 
to have been Joseph Black, professor of chemistry, first in 
Olasgow and then in Edinburgh. Black’s balance is now to he 
seen in the valuable and interesting exhibition of scientific 
instruments at South Kensington ; and although Black’s instru- 
ment was not a delicate one,"simp]y consisting of a rough pair 
of scales, nevertheless, with it he made investigations and 
determinations which have an undying infterest.^ After Black 
came Lavoisier, and it is generally jtated that Lavoisier 
was the first to introduce the balance. This, however, was 
clearly not the case ; for altliough he employed the balance 
largely, we are indebted to Black its first introduction. 
In waiting to Black in 1790, Lavoisier acknowledges the claims 
of the Scotch chemist in the following remarkable words : — 

' “ II est bien juste. Monsieur, qpe vous soyez un des premiers 
icfdrmes des progres qui se font dans une carriere que vous 
avez ouverte, et dans laquelle nous nous regardons tons comme 
vos^di^ciples.” ^ 

This is a clear recognition of Black’s claim to the merit of 
discovering the method of ill^^8tigation wliicli Lavoisier after- 
wards employed. 

From lyhat I have said, the necessity for experimentation — in 
order that we should attain a knowledge of the chemical pro- 
perties of the substances of which the earth is made up — will be 
evident to you all. I may illustrate this in a very simple way. 
Suppose, for instance, that we have here — as is indeed the case 
— a series of jars filled with colourless, invisible gas, which, 
so far as we can tell, by merely looking at them seems to be of 
oru kind. If, however, we interrogate Nature, that is, if we 

^ Ex})eriwe%ts upon Mag^nesiat Alba, Quicklime, aud othAr Alkaline 
Suhsla)ices, Edinburgh, 1755. 
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make an experiment, as to the nature of the gas contained in 
these jars, we shall tind that, allhouj^h appareialy^the same, 
these gaa^s are in fact very di tie rent substances. If I take t^iis 
taper and insert it into the jars, this difference will soon become 
visible, AVhen I dip the taper into the first jar, we do not 
notice any apparent change, for the flame of the candle burns 
much as it did before. If 1 pub the taper into the next bottle i 
there is a distinct change, for tl^ taper is at once extinguished. 
"When. I place the extinguished taper, having, however, its wick 
still red-iiot, into the third jar, you will see another change, for 



you have (Fui. 4) a tlj^urc of a ebetnii’a! baljiTice. 


the taper is instantly rekindled, indicating by the briyiancy of 
the combustion the existence of a totally different gas. Again; 
I will drop the burning taper into the fourth jar, and you see 
that the colourless gas itself takes fire and burns, although it 
extinguishes the flame of the candle. I can show you in other 
^yg, by weight as well as by sight, that these gases differ 
from one another. For here I can pour one gas like water from 
one vessel to another ; whilst in another case I can pour the 
gas upwards, because it is lighter than air. These are pro- 
perties of gases, then, which can only be learned by experiment. 
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Understanding, then, that bodies always have a fixed coin- 
position, hi us proceed a step further, and ask ourselves whether 
thare is sucli a thing possible in Nature as a loss of matter. 
If I take this piece of watch-spring, kindle the strin^g tied to 
one end, and then plunge it into a jar tilled with oxygen, 
you see that the watch-spring burns, and in burning it will 
deposit a (puintity of red-hot oxide. Observe thf brilliancy 
with wliich the iron is now consumed, but also notice that the 
Avhite-hot molten globules whicfi fall down indicate wiiat has 
become of the watch-spring, which no longer exists as suc.li, 
1)nt instead iM* it we have some^quantity of a brown deposit, 
which wo know as “ rust of iron.” If we next take as an 
example of chemical change that which occurs when a common 
candle burns, we cannot so readily observe what becomes of the 
materials of the candle. That the wax and the wick, the 
materials of which the candle is composcil, disappear is certain. 
The (piestion is, have they been destroyed, or hav'o they only 
undergone a change and becobie invisible to our eyes ? By this 
very simple arrangement we have the means of answering this 
(luestion, for we can collect all the products of the combustion 
01 the candle, the carbonic acid and the water, and we can 
sallow that these products weigh more ^han the candle does, 
just as the iron-rust produced in our last experiment weighs 
more than the watch-spring did. I ihavo here a little taper, 
which is placed in a tube (Fig. 5), and this 'tube is placed at the 
end of tbjp beam of a balance, which is arranged to be in exact 
equilibrium. Now I am about to burn the candle, and I shall 
c/hlect the products of its combustion in the white ciiustic soda 
contained in the upper part of the tube (Fig. 5), so that nothing 
wifL -i^scape but the air which has passed through the flame 
in the burning of the candle. I must have a current of 
air passing through in order to make the candle burn, and 
this I obtain by allowing the water to run out of this oil can, the 
top of which is connected with the tube. The candle is now 
•burning, 'and the question is — What has become of the wax and 
the wick 1 1 want you to see that the materials of the candle, 

instead of having been destroyed, exist under another form — 
that of carbonic acid and water, which products have been laid 
hold of by the caustic soda and prevented from escajiing. At 
the end of our experiment we shall find that the camlle has 
hj6t half its W'eight, and that the other end of the balance is 
heavier by the oxygen of the air which the component parts of 
tlie atmosphere have taken up. You observe that this side of 
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the apparatus is heavier than it was before, showing ttiat m 
the case of a burnitig candle there is no such thing as a loss of 
matter. And this conclusion as regards this one case of chemii^al 
change hdh been proved by thousands of careful experiments to 
apply to every other case which has come under the eyes and 
hands of the chemist. 

Let us next consider for a moment the distribution of the 
elementary lL»odies. In the first place we find that while only 
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about four elements are found in the air, about thirty exist in the 
water of the ocean, whilst the rest are found in the solid earth. 
We are, however, quite unacquainted with any law regulating 
tteir distribution, but we find that certain elements are univer- 
sally distributed whilst others occur most rarely. Thus, oxygen 
is found in almost every solid as well as in water and air, cqp- 
stituting (as is seen from the following table) about one-half of 
tlie solid crust of the earth. 
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Here you have a table giving the average composition of the 
solid earth’s crust so far as the primary roeks are concerned. 
It ^hows Aat the bulk of the earth’s solid body is made up of 
only eight elements, the remainder existing in the earth*in much 
smaller quantity. 

Composition cf the Earth’s Solid Crust in 100 Parts by Weight. 

Oxygen. . . 44*0 to 48*7 Calcium . . . 6*6 to 0*9 

Silicon . . . 22*8 to 36 2 Magnesium . . 2*7 to 0*1 

Aluminium . 9 9 to 6*1 Sodium . . . 2 4 to 2 ’5 

Iron. . ^ . 9*9 to 2.4 Potassium. . . 1*7 to 3*1 

Respecting the composition of the whole mass of the earth 
w’e are as yet, as I have said, to a great extent ignorant, and a 
little consideration will show why this is the case. Imagine, if 
you please, that C (Fig. 0) represents the centre of the earth, 
\ and that the lines AC, and BC, are radii to the surface of the 
earth. Then the black line, AB, represents the portion of the 
earth’s crust known to man. ^’he greatest height to which man 
has ascended by means of a balloon, and the greatest depth to 
which he has descended by means of a n^jine, are included in 
tli% breadth of that dark line, so that all beyond this black line 
tow^ards the centre of the earth is to us, so hfr as man’s penetrating 
power is concerned, terra incognita. But although we cannot 
get there, yet we have means of learr»ng something about the 
composition of these internal parts, because %e can examine the 
chemical nature of the lava which is thrown up by volcanoes, and 
we can also examine the salts held in solution by spring water 
•wdilch comes from a great depth below the earth’s surface. 

' Many of the hot deep mineral springs, such as those at 
Batiu ond Buxton, bring up to the surface various compounds 
and elements in a shite of solution, the nature and properties 
of which can be examined by chemical means. But beyond 
these two means, we have at present no direct way of ascer- 
taining what kind of elements or compounds exist at a great 
jdepth below the surface of the earth. 

In the year 1772 a very interesting series of measurements 
was made in Scotland on a mountain known to many of you, 
called Schehallion, This mountain possesses very steep sides, 
and it occurred to several mathematicians, Maskelyne especially^, 
that by making plumb-line observations on each side of this 
ste^p mountain it might be possible to determine the mean 
density of the earth, which might in turn guide us to a know- 
lege of the naluie of the portions of the earth to which we 
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cannot get access. It was found that the plumb-lines liung on 
each side of the yiiountain were deviated a little (11 ’7) out 
of the perpendicular by the weight of the moimtaifl. No\v if 
\ve kno\f the size of the mountain, which can be obtained by a 
trigonometrical survey, and if we know the specilie gravity of 
the rocks composing the mountain, .such as this 1 hold in niy 

A li 


\ 

\ 


\ 

\ 

\ 

\ 



C 

Fig. 6. 


hand, and which is two and a half times heavier than water, we 
can discover the ratio of the attraction of the mountain to that 
cf the earth. And then, we can get the absolute mass of the 
earth, and knowing its volume, W’e can get the mean density of 
the earth, that is to say, we can tell liow many times the earth 
is heavier than an equal bulk of water. This was the first 
experiment made on this very interesting subject; and the 
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cilculalioiis of Hutton and Playfair from tlie oltservations of 
Maskelyne made the mean density of the earth t > he 4*713, that 
is to say, tljijy came to the conclusion that the earth is, roughly 
S]>e{iking, 4| times heavier than an equal Inilk of water. > 

Afterwards, another method was employed to determine this 
fact, namely, by means of a torsion balance, an instrument used 
Ijy Cavendish, by means of which he found that the density 
bf the earth was 5*48, or about times heavier than w’ater. 
Otlier observations have been made on this subject, the best ()f 
them l)eing the result of a Commission a|>point(‘d by tli(‘ 
Government in 1838, in which tlie astronomer Daily was con- 
cerned. His invest iiratioi IS extended from October, 1838, te 
]\Iay, 1842, and he came to the conclusion, which wc may regard 
as the most accurate one wdiich has yet been obtained, that tlie 
mean density of the earth was 5 60, or rather more tliaii 54 
times heavier than water. It is worth remembering that 
Kewton, in his great work, the Prlncipia, predicted with a most 
remarkable degree of accuracy^ that the earth would be found 
to be between live and six times as heavy as its bulk of water. 

You may ask — AVhat has all this to do with the comjiosition 
of the earth 1 Well, it has to do with it/ in this way : that 
when we descend to the greatest jiossibleidopth into the earth 
and bring up its solid contents, we find that the liighest mean 
sjiecific gravity of the rocks is 2*5, so hence the question 
arises— “What is it that makes the earth so hjL'uvy at its centre ? 
It caniiot he all made up of granite, because even the enormous 
pressure oi the surrounding parts would not double or treble 
the density of granite at the earth’s centre, and yet wo find 
that the density of the earth is between live and six. Her<^ 
we collie pretty nearly to ,the boundary of our knowledge, and 
at this point chemical science cannot lielp us further ; and it 
i§ well we should see that there is here for the present a limit 
to our exact knowledge, and that all beyond must remain mori! 
or less conjectured until we arc in possession of further experi- 
mental dac.a. 

As 1 shall show you in my next lecture, there are a number 
of elementary bodies whose specilic gravity is very mucli 
greater than that of granite. Many of the metals, for instance, 
are much heavier than granite ; and we can suppose, if we 
like, that the interior portions of the earth are composed of 
metals. 

Perhaps Mr. Lockyer may continue these considerations, and 
he may inform you that there are otlier grounds for believing 
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that the interior of the earth may be largely composed of un- 
oxidized and hea^ metals. 

Then you may ask — Is the inside of the earth fluid or B|plid 1 
Even im such an apparently simple question as this we are still 
in some degree of doubt. You may think this is strange, because 
we find volcanoes throwing out lava, which is liquid rock, and 
because we find much other geological evidence to show that 
solid rocks, such as basalt and trap, have been protruded as 
molten masses within recent geological epochs ; but it has 
recently been shown by Mr. Mallet that the fact of volcanoes 
throwing out liquid rock may not be inconsistent with the 
view that the earth as a whole is solid. Mr. Mallet’s investiga- 
tions go to prove that this liquefaction of the rocks which we 
observe may be produced at no very great depth from the 
earth’s surface by the shifting and rubbing together of the 
rocks, owing to cracking due to the alteration of the temperature,* 
just as boys at school rub a button on the bench until it is hot, 
when they often place it on to tl^ir neighbour’s cheek. Apply- 
ing the laws of the Mechanical Theory of Heat to this problem, 
Mr. Mallet believes that the fricition of the rocks, caused by the 
secular cooling of t'Ae earth and the consequent shrinkage, js a 
sufiicient and a satisfactory explanation of the occurrence, of the 
high temperature of volcanic action. 

Sir Wra. Thomson,^ ^Iso, than whom no one is more capable 
of expressing nn opinion, decides in favour of the earth’s solidity. 
Ho tells us in his address to the Physical Section at Gtasgovv, 
that the conclusion concerning the solidity of® the eai:th 
originally arrived at by Hopkins is borne out by a piore 
rigorous mathematical treatment than this physicist was able 
to apply, so that the idea of geologists, who were in tjbe^habit 
of explaining underground heat, ancient upheavals, or modern 
volcanoes, by the existence of a comparatively thin solid 
shell resting on an interior liquid mass, must now be given up 
as untenable. 


^ See NcUnrCt Sept. 14, 1876. 
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LECTURE II. 

iN the last lecture I described to you some of the properties 
*of the various kinds of matter of which the earth is composed. 
•1 showed you that the various gases which occur on the 
earth’s surface differ from one^ another in a very remarkable 
degree. I jKiinted out to you that some of those gases are 
light, whilst others are heavy ; and that it is only by 
experiment we can arrive at a knowle3ge of these fatds 
coift*emirig the nature of terrestrial niattet*. I wish to illus- 
trate £liese facts to yon once more. We have here two gases 
differing from each other in specific gravity as well as in other 
propeHies ; and I think I Cfin make tRis ei^ident to you by a 
ample •experiment. In this long cylinder, which is apparently 
illed by a .homogeneous colourless gas, we have in fact two 
raises, one of them heavier than the other. If 1 plunge this 
lied hot wick of the taper into the gas at the top of the 
cylinder, you will observe that it will l)e rekindled ; but that 
it is (?>ftinguished when 1 push it lower down ; whilst it is 
again ignited if I again raise it into the upj^r part of the 
cylinder. ^?ow the gases which compose our atmosphere 
also difl’er in specific gravity. Oxygen is somewhat heavier 
than nitrogen, their weights being in the proportion of the 
Ambers 8 and 7 respectively. Our great townsman, John 
Dalton, whose discoveries were brought before you in a lecture 
the season before last, came to the conclusion that in 
consequence of this difference in specific gravity of the con-^, 
stituent gase.s of the atmosphere, we should find, in the upper 
portions of the atmosphere there was a larger quantity of the 
.ghlPer gas (nitrogen), and in the lower poHiona a larger quan- 
aty of the heavier gas (oxygen). But this was found by 
experiment not to be the case. It was proved that the air 
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oilecteil at a great lieiglit aud that collected at the siu'face of 
tlie earth at the «aine time, exhibited exactly the same pro- 
]>ortious, between their constituent parts. This fact^e exphiin 
i>y the circumstance that the winds move the gases of the 
atuu)sphere constjintly one among another. Moreover, we 
know that gases possess the property of dill'usion, by Arirtue of 
which th^ piirticles of one have a tendency to dill use amongst^ 
or interpenetmte those of another gas, thus rendering the 
atmosphere throughout of one constant composition, so far as 
regards these two princi[)al elements, nitrogen and oxygen. 

In like manner, I icpiid substances diller from ofie another in 
their weight. We know very w'ell tliat oil will swim on the 
top of w%*iter. And many experiments cun he made to illus- 
trate this fact, that liquids diller from one another in their 
relative w^eights. In the following table you lind the weight 
of some of the most common liquids compared w^ith that of the 
same l)ulk of water taken as the unit, and these relative 
weights are termed the specific g^^avity of the liquids. 


TaUI.K (IK TIIK SpK.CfK 

ft 

IC (ilt.^AUTY o 

K liKilM !).'<. 

Wittor 


■ 1*00 

Montury 



Sulphuric Acifi 


r.H-n 

Nitric yfriid 


f'UlO 

Hydrocliloric Acid ... 



Sea Water ... 



Afisoluto Alchohol 


0-8U:t 

Etlicr 


0-72;i 


In like manner solids differ widely from one another 
in 8{>ecitic gravity. * 

On the next page you have a table cjuit iining the specific 
gravities of most of the metals. 

In the first column of this table yon find the naihes of the 
iiietiils, in the second a series of numbers representing hbtv 
many times each metal is heavier than tlie same bulk of 
watef, and that number you know is termed the specific* 
gravity ; whilst in the third column w^e have bhujk bars of 
difJerent lengths, exhibiting the size of the various bars of 
metal possessing all the same weight. 
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partake of the pliysical nature of these metallic meteorites, 
and that if we could obtain a portion of matter from a gieat 
deptk helo\^^ the earth’s surface we slioiild find it exactly 
corresponding in structure as well as in chemical composition 
with a metallic meteoi-ite, and the existence of such interitir 
• masses of metallic iron may go far to explain tlie well known 
n^fignetic condition of our plaiiet. ^ 

In the next course of lectures ^Tr. Lockyer will, I liave no 
.doubt, go into tins subject much moie fully than I am able to 
do, and I leave it to him to exphun how tlie conclusion which 
we chemists ITave ariived at respecting the composition of 
extra terrestiial matter from our examination of meteoric 
ma-sses has been stip])lem€mte<i anti extended by speidruin 
observations on tl e sun and tixed stars. 
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LECTtURE III. 

I HAVE this evening to open out to you a new chapter in the 
history of the chemical elements, and one which, if we can 
ead it aright, is of great interest as vrell as of great import* 
nice. I have on this table three very ditferent substance.s : 
i piece of cluircoal, a piece of j^uphite or plumbago, and xiei’e 
1 hold in my hand what you will be pleased to consider tlu* 
largest diamond hi the world. I need 8cai*cely say tliat 
this is not a realt diamond, but it is an exact model of*the 
Koh-hnoor made of glass. Now these three substances* wliah, 
in their physical appearance and uses are so ditlerent, are, as 
I jiiall show you to nlj^ht, chemically one and the same body. 
(Ihamial, graphife, and diamond, are, so far as their chemical 
properties are concerned, all comjxised of pure carbon. 

In the two previous lectures of this course I pointed out to 
you some of the most imjiortant general properties or clifiiac 
teri sties of the chemiciil elements taken as a whole. Tojniglit 
I wish you to confine your attentibii to this one eiehfentary 
substance- <?arbon — for we shall find that in considering its 
properties we have ample means of awakening our interest in 
becoming acquainted with some of the most striking phenomena 
of our science. u 

First of all, we will, if you please, take up the subject of 
the diamond. This beautiful bright, white, colourless substance 
was prized highly as a gem by the ancients, but as diamond is 
the hardest of known substances, the art of diamond polishing 
^/as in olden time not understood, and diamonds could not he 
it and polished until the year 1476, when Louis von Beiguen 
hrst showed how this might be accomplished by means of 
liamond powder itself ; for although the diamond is the 
ardest of all substances, yet, of course, we can crash it by 
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means of a blow on an anvil or by 2K)niidiiig it in a mortar, 
and this diamond powder, or diamond dust,* is tlie only sub- 
stai^e that %rill cut diamond. As the ancients v ere unaware 
of this means of polishing the diamond, tliey only prized those 
diamonds as gems in which the natural crystalline faces of the 
diamond were bright and tmnsparent. 

Here you see a drawing representing the ciystallin^ fonn in 
which the diamond usually occurji. 

The other form of crystalline carbon, viz. giuphile, does 
not crystallize in this particular form in which the diamond 
occurs, but in*quite another form^ and th\is another ^^ssential 
difference between these two forms of carbon becomes 
apparent. 

The history of the diamond, so far as its chemical character 
is concerned, is one of great inteiest, and one uj)on which we 


1 


l- lu. If. 

.ma.yVith advantage sjiend a few minutes. The first hint or 
obserua^jgji we find recorded respecting the })robable chemicivi 
nature*^ of the diamond was given to us by the immortal 
Newton, who from an examination of the character of the 
diamond, and obseiwing its high powers of ixjfi-acting or bend 
ing light, which gives to the gem its jieculiar beauty and 
value, and observing that other substances which are known 
. to* be combustible likewise possessed this power, concludes 
that in all probability the diamond will ultimately be found 
to be a combustible body. Thus in his celebrated TreatUe on 
Optuks^^ speaking of this refmetive powers of substances, 
Newton says ; Again, the refraction of camphire, oyl-olive, 
lintseed oyl, spirit of turj)entine, and aml)er, which aie fat, sul- 
phufbousi unctuous bodies, and a diamond, which probably is an 

^ London, 1704, second book, p. 75. 
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imctuous substance coagulated, have their refractive powers 
in proportion to one another as their densities, without any 
considerable variation.” It was not, however, tDl the year 
1694 that the academicians of Florence, under Cosmo the 
Tliird, Duke of Tuscany, made an interesting experiment, 
which attracted the general attention of the civilised world, 
on the possibility of evaporating the diamond. In Galileo^s 
tribune at Florence you may see the identical lens, or large 
burning-ghiss, which was employed in the year I have named 
by the Florentine academicians for the purpose of ascei’taining 
what ellect would be produped by placing a quantity of dia- 
monds in the niys of the sun brought to a focus by this large 
lens. They found to their astonishment that rubies, emeralds, 
and other precious stones withstood the high temperature to 
which they were -exposed in the concentrated rays of the sun 
in this burning-glass, remaining quite unaltered, whilst the 
diamonds, the hardest of known gems, disappeared altogether. 
Although this fact of the evaporation of the diamond jvas 
verified over and over Jigain, chemists were still unaware of 
the nature of tliis evaporation, nor could they explain what 
took place when the diamond thus disappeared. It was nearly 
a century after this time, in January* 1773, that some 'f&ifther 
experiments were made on this subject by two French philo- 
sophers, Messrs. Darcet* and Rouelle. They made a variety of 
experiments. PLicing some diamonds in a crucible inside 
a very hot furnace, they found that the diamonds (^isappeaied, 
as they had been previously shown to do when exposed to’ 
the sun's rays in the focais of the burning-glass. They «uHe 
to the conclusion that the diamond is destroyed in a shoif 
time when freely exposed to air at o- temperature k‘?>«f‘than 
that needed to melt silver ; but that when air is excluded, 
the diamond turns out to be a very refractory substance, that 
i.s, it does not easily evaporate. For these same experimenters 
placed the diamond in a crucible, which they completely filled 
with powdered charcoal ; and then they found that the diamond 
remained unaltered, although exj) 08 ed for as long a period as 
eight days to a temperature of the highest possible kind in a 
jKrtcelain furnace. 

- The year after these experiments were made, the great 
French chemist, whose name I have frequently had to men- 
tion, Lavoisier, undeHook the examination of this subst^ce, 
and it is worth while noticing how cjirefully he went to work* 
how he proceeded slowly from one step to another in logical 
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sequence, until he arrived at the true solution of the question 
]ie had undertaken to investigate ; that is, tintil he was able 
to tell us exactly what happens when the diiunond evfiporates 
in the free fire, and why it did not do so when surrounded by 
(!harcoal. In the first place he evapomted the diamond by 
means of the bmning-glass, and he observed that no visible 
vi?.pour or smoke was given oil*, but that the dian^ond dis- 
appeared. He thought that perhaps the solid diamond had 
in some way been dissolved by the water, and tliat by evapo- 
lating the water which was in the lower part of the bell-jar, 
in which he Burnt his diamond, •he might obtiiin the con- 
stituents of the diamond in a solid form, but he found that 
no solid residue was left on evaporation, and thus no tiiu;e of 
the diamond could be found. His next experiment was that 
of placing a diamond in the focus of a less powerful lens than 
Uie one he had formerly used, so that the diamond was not 
heated to so high a tenq)erature as before, again placing it, 
liowever, in a bell -jar over \^ter. He then found that the 
diamond when not heated quite so strongly, lost only about 
one quarter of its weight ; it did not disappear altogetlier, but 
the^’emarkable fact was noticed that it bdbame covered with 
MSdk^substance which Lavoisier describes as being exactly 
like lamp-black or soot, so that it dirtied the lingers when 
touched, and made a black mark upon pl^er. Hence Lavoisier 
concluded that the diamond is susceptible of being brought 
under certain circumstances into the condition of charcoal, so 
thaA it really belongs to the chiss of combustible bodies. He 
w^as however yet far from having proved his point, and he 
\veiit on experimenting. He next measured the volume of air 
in whicW'fW was going to burn the diamond, and found it to be 
eight cubic inches. Then he burned the diamond in this 
volume of air by means of a lens, and found tliat the air had 
diminished to a volume of six cubic inches ; thus showing that 
the air had jindergone some change by the combustion of the 
difgpoond ; and that two out of the eight volumes of air had 
'disappeared. The next experiment he made was to examine 
the condition of the air in which the diamond liad been evapo- 
rated. What changes had gone on in the air in consequence of 
the evaporation of the diamond 1 After allowing the glass in® 
which he had burned the diamond to stand for four days, he 
poured clear lime-water into the jar in which the diamond 
had been evaporated, and he says this lime-water was at once 
precipitated in the same manner as if it had been brought into 
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contact with the gas evolved in effervescence and fermentation, 
or that given off in cases of metallic reduction. Here then 
he had f^ot on the track of what he wanted. liitherto the 
diamond had apparently disappeared, and nothing was found 
to account for its disappearance ; but now he had found that 
there was something contained in the air in which the 
diamond was burned which was not contained in that air 
liefore. 

The next step he took was to examine the white precipitate 
or powder which was formed, and he found tliat the substance 
thus precipitated from lime water by the air in which the 
diamond had been evaporated, eti'ervesoed on treatment with 
add, and evolved what was then known as fixed air, but which 
we now know as carbonic acid gas. Hero, then, in his last 
experiment he completes his proof, showing that exactly the 
same effects are observed when charcoal is experimented upon 
instead of diamond. Lavoisier had now run his quarry to 
c»irth ; he had determined exactly wliat it is that is formed 
when a diamond is burned. He has shown that a diamond 
when burned produces exactly the Bixme substance that is pro- 
duced when commdh charcojil is burned, and he, thereftftre, 
legitimately concludes that diamond is only another ?bTm*^c>r 
the element carbon. The reason that the diamond did not bum 
in the furnace wjjen siirrounded by a mass of charcoal was 
that the air, or mther the oxygen of the air, could noo get to 
the diamond, because it was kept off by the char coal, which 
burned insteiwi of the diamond. 

Having thus explained to you what I^iivoisier did, lot me 
try to show you the same thing. I have in this bottle*^, real 
diamond, not a very large one, bu^^ large enough for*&iy pur- 
jx)se. I have in tliis bottle also some oxygen gas, and I aia 
going to heat the diamond, by means of a galvanic current, in 
the oxygen gas until it bums, and now you see the diamond 
burning like a little bright star in the interior of this glass. 
The diamond is inclosed in a spinil of platinum wire, whidh I 
can heat up to whiteness ; the wire will then heat the diamond 
round wliich it is wrapped, up to the point of ignition. I 
then take away the heat of the battery and leave the diamond 
'to bum. You will next observe that when the difimond is 
burned, the dear lime water, which is now perfectly clear and 
colourless and transparent, will become turbid, exactly <2is in 
the case of burning graphite and common charcoal. 

I will next burn a bit of graphite, or plumbago. Graphite 
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is a form of carbon found in large quantities in Cumberland, 
Siberia, Ceylon, and other places, and is use3, as you know, for 
making black-lead pencils. A much higher tempefature is 
required for the purpose of igniting graphite than diamond ; 
but here, as you see, the clear lime-water has become turbid. 
Next I will burn a bit of charcoal in the third jar, and the 
<?iime effect is produced upon the clear lime-water. • In other 
words, in these three different stbstances, we have one and the 
same elementary body, carbon, so that by their combustion in 
oxygen, the game gas, namely, carbonic acid gas, is formed. 

From the experiments of Lavokier, although they completely 
decided the question as to the diamond consisting mainly of 
(•arbon, it did not follow that carbon was the sole constituent. 
Indeed, for many years after these experiments, it was sup- 
posed that the colourless gas, hydrogen, is combined with the 
carbon in the diamond, and this, it was thought, might account 
in some degiee for the difference in the physical properties of 
the diamond and other forms of carbon. Further experiments 
were needed to elucidate this point. In^the year 1814, Sir 
Humphry Davy read a piper before the Boyal Society, de- 
sdHbiijg the effects which were producedVhen a diamond was 
-t?Ty carefully burned in perfectly dry oxygen gas. In this 
case no trace of moisture was found, which must have been 
produced if the diamond had contained hyjjrogen, wheims in 
similar experiments made with charcoal, instead of diamond, 
a production of moisture was invariably observed. But Davy 
Was not satisfied until he bad taken some of the chalk obtained 
frofri the .gas in wliich diamond had been burnt, and had 
act ually piepared from it black carbon or soot. This he did 
by iSaEmg the white barbonate of lime or chalk with the 
tnetal potassium, which then t'>ok away the oxygen from the 
chalk and liberated the carbon in the form of soot. Thus he 
was able to actually get some lamp-black from the carbonic 
acid produced by the combustion of the diamond, and this, 
when strewed in a flame, took fire and burned like common 
charcoal, so that charcoal was got by Davy from the diamond 
itself. 

I need scarcely say that the diamond has never yet been 
artificially made ; although we should not be surjirised some 
day to hear that such was the case, and that the chemist had 
beea able to change one form of carbon into another, or to 
pi epare the diamond. We do not know at all how the diamond 
has been made, and all attempts — and they have been many 
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— to convert the black form of carbon into the colourless 
crystalline form fiave hitherto failed. 

In nfliny other respects carbon is one of the most interesting 
of the elementary bodies. In the first place, if we can imagine 
carbon struck otf the list of the elements, if the earth did not 
contain any carbon, then we must also imagine the world with- 
out any ^organised beings, without animals, without plants, 
destitute in fact of all form^ of vegetation, from the simplest 
germs to the tree which towers above our heads, destitute also 
of all forms of animal life, from the most eleipentary proto- 
plasmic forms, to the m<fet complicated arrangements of 
nervous and muscular existence. Carbon is, then, an essential 
element of plants and animals. 

That carbon occurs in colourless gases, liqiiids and solids, I 
may show you in two or three ways. If I mix this colourless 
olefiant gas with chlorine gas, and then apply a light, you will* 
see a large black cloud arise, iq^dicating the presence in this 
colourless gas of carbon which can then be rendered apparent 
in the solid form. , I will next show you that this colourles.^i 
liquid contains carbon. This is a product of vegetable life, a 
liquid which we kn^w as turpentine, and if I pour a few4][|*^s 
of this colourless turpentine upon this paper and then plSgf? 
it into a jar of chloriije, you see that we get the evolution of 
light and heat, f')r the turpentine bursts into a flame and 
causes a dense smoke, proving that the turpentine cbntains 
carbon. We all know that vegetable and animal • bodies con* 
tain carbon, for when they are partially burnt they are saitl 
to be charied. I may show you that white sugar contains fargc 
quantities of this black carbon. I have only to pojjy|^a.» little 
hot water on the sugar to make a syrup of sugar, anS then 
pour on it some sulphuric acid, when we shall see the sugdi* 
is converted into a large mass of black charcoal. 

Not only because carbon forms the greater part of the 
structure of all vegetable and animal existence is it^lmportant. 
but it is likewise interesting to the chemist, because, beyShd 
all the other elementary bodies, carbon possesses the power of 
forming a great variety of compounds ; so that the chemist is 
cmquainted with a larger number of carbon compounds than he 
is of compounds from all the other sixty-three elementary 
bodies put together. 

It is easy to understand that in the progress of science%hat 
porticm which we may call the destructive portion will be the first 
to be developed. It is very much more easy to destroy than it is 
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to build up in matters of science as well as m matters appertaining 
to everyday life. Consequently, the destructive powers of the 
choinist were first brought to bear upon matter. It i^easy, as 
I have shown you, to destroy this white powder, sugar, but it 
is not so easy to build it up again. It is only quite recently 
that what I may term the destructive chemistry has given 
^lace to the constructive. It is especially with drega^ to 
carbon compounds that this^ constructive chemistry has 
developed the most interesting results. In otlier words, the 
constructive chemistry of the inorganic or mineral jK)i’tion of 
our science is simpler, and therefere easier and less interesting, 
than the constructive chemistry of the organic ].x)rtion, or that 



which consists mainly of the chemistry of the carbon com- 
pounds. I will illustrate this to you by two simple experi- 
ments. Xhave here a little glass bulb, B, Fig. 13, which is 
Med with oxygen and hydrogen, obtained by the decomposition 
of acidified water contained by means of the voltameter (A). 
There is little difficulty in getting these two gases to combine 
to form water ; all I have to do is to pass an electric spark 
through the gases contained in the bulb, when you hear a lotid 
explosion, which indicates that the j)articles of oxygen and 
hydrogen have united together, a drop of water being the 
result, so that our inozganic constructive chemistry has re- 
ceived an illustration. 
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Here, again, I htive in this second bulb two other gases^ 
termed chlonne and hydrogen, and I hope to obtain the com- 
bination of these two gases, not by passing an elbctric spark 
through them, as in the former instance, but by exposing them 
to a bright light by burning near the bulb this piece of 
magnesium wiie. Here we have in a very simple way brought 
about, a combination of the particles of chlorine and hydrogen^ 
But suppose we now, on the other hand, take a substance 
such as Jilcohol — which we know contains carbon, hydrogen, 
and oxygen, — can we put together the components of alcohol 
as readily as we can those water or of hydrochloric acid ? 
Alcohol, we know, is pro(lu(;ed by the very complicated process 
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of fermentation, and for a long time this was the only method 
known by which alcohol could be obtained. It is |)nly quite* 
recently that chemists, after yetirs of toil and of preliminaj^y 
work, have at last arrived at the point of being able to build 
up alcohol artificially by the union of its constituent elements. 
Now, liowever, this can be accomplished not only in the case* 
of alcohol, but in that of a variety of organic compounds. 
The most interesting examples of constructive chemistry are 
to be found in that huge class of compounds which are%the* 
}>eculiar products of the complex series of phenomena which 
we designate by the term life. Certain of these substances 
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have been long known as characteristic products of the animal 
world, whilst others are always formed the processes of 
vegetable iTTe. Now it "was for a long time believed that 
these peculiar substjxnces are produced within the animal or 
vegetable body according to laws and by actions which man 
could not artificially imitate. 

When, however, in the year 1828, Wcihler first JW'tificially 
prepared urea, a body especiall}^ typical of animal life, from 
its inorganic sources, carbon, oxygen, hydrogen, and nitrogen, 
the supposed barrier between purely mineral and animai or 
vegetable bodies was at once biioken down ; and since tlmt 
time so many instances have taken place of the artificial pro- 
duction of naturally occurring products, that all chemists now^ 
acknowledge the truth of Liebig’s remarkable prediction in 
1 838, in which he says — “From these researches the philosophy 
of chemistry must diaw the conclusion that the synthesis of 
all organic compounds, wdiich are not organized, must be looked 
iipdn not merely as probjflde, but as certain of ultimate 
achievement. Sugar, salicin, morplune, will bo artificially 
prepared. As yet we are ignorant of the road by wliich this 
eiTd is^o, bo reacdied, since the proximate Constituents recpiired 
iH5r1building up these substances are not yet known to us ; but 
these the progress of science cannot fail to reveal." 

I will illustrate this to you by shovfing you on the screen, 
w'ith Mr. Harrison’s kind assistance, the crystallisation of this 
• body, ureaf first artificially produced by Wcihler. You now 
s^e "these needle shaped crystals sliooting over the screen, and 
-ob.sbrve tlie lovely colours which they exhibit when examined 
by n\ggns of the beiim of polarised light. Here is another 
body,^tai*^ric acid, a w(^l known vegefiible product, which has 
been artificially prepared. As you are aware, this substance 
occurs in the juice of the grape, being deposited in the fonri 
of cream of tartar whenever new wine is allowed to stand. 
This was formerly the only known mode of preprring tartaric 
a«id ; but now it may be made artificially, and from «irbon, 
oxygen, and hydrogen we can build up these mfignificent 
crystals of tartaric acid. I might illustrate still farther this 
same constructive power of modem chemistry wdth many 
striking examples, but one or two rtxoTe must suffice. Hefe 
are two strongly smelling oils which all who are within reacdi 
of their odour at once recognise as the oil of bhtck mustard- 
seed, and the oil of garlic. These substances have, of course, 
long been known as the peculiar products of two plants. 
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Now we can prepare both these oils artificially, and by this I 
do not mean tluft the artificial oils so nearly resemble the 
natural oils that they can be used for the same ^rposesf for 
fiavouring food, for example, but that the artificial and the 
natural oils are identically the same substances, possessing 
absolutely identical properties, and being indistinguishable by 
any kno)jrn means. • 

One other interesting example of the artificial production of 
substances I must mention, namely, the artificifil preparation 
of alizarine, the well-known colouring matter of madder. This 
substance has long been used producing the ffne purple and 
pink colours so characteristic of Manchester printed goods. 

A few years ago this colouring mattei- was exclusively 
obtained from the madder root ; but now this same colouring 
principle is made extensively by artificial means from gas tar, 
and the culture of the madder root may now’ be said to havoi 
•come to an end. I have hero small quantities of these natural 
and artificial substances, and I w^ll show you that the colours 
of these two solutions are absolutely identical. Here then yoif 
liave one of the latest triumphs of the chemist’s constructive 
skill, wdiich resulted in the creation of a new industry and ^he 
•complete reorganisation of one of the staple manufac?li?Bfe'^f 
the country, fill arising out of wdiat api>eared to many to be 
a trivial discovery of fwo German chemists. 

In all these instances of consti-uctive chemistry w^e have to 
do either with chemical comf)ounds capable of talking reguhir 
geometric forms, to w’hich w’e give the name of ciystfils, -or 
•else with liquids, such as alcohol and the oils already nain^d.* . 

There is, however, a form of matter derived from aniihfil 
and vegetable sources which we have not yet be5lPlSf)le to 
prepare, or in other w^ords, there is a point beyond which 
present w^e cannot go ; I was about to say — a point beyond 
which we never shall go ; but I will not say that, because it 
may savour of dogmatism, and this is a conditi<yi of mind 
which a man of science must do his best to avoid. So that 
•altliough we cannot see fit present the possibility of the arti- 
ficial fonnation of the kind of matter to which I refer, I take it 
that he is a bold man who says that such artificial production 
ia for ever impossible. 

I will now show you some of this organised as opposed to 
argank material, the production of which by artificial means 
is now impossible. Here on the screen you have some of 
-these curious forms, cliaracteristic of life, with which chemists 
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have but little to do, and which I rather think the}’ feel 
somewhat relieved to hand over to their brotliers the biologists, 
whO can teTi us about their growth and their form, But who. 
if I am rightly informed, do not know much moie about their 
real structure or their intimate nature than the chemists 
themselves. These round masses which you see on the screen 
fire nothing else than grains of potato -starch. If yen take a 
potato and grind it fine, and thffti wash away all the cellulose 
or fibrinous matter, you will have what is known as potato- 
starch left behind. It is a beautiful white powder, and if you 
take the least quantit}^ of this pcptato-starch on tlie end of a 
pin, and bring it under the microscope, and examine it with a 
high power, this is what you will see. Now here we come to 



Fig. 16 . 


something totally did'erent from anything we have had to do 
with befoi^e. Here we see something which has a peculiar 
structure,* totally distinct from that exhibited in crystalline 
ifiatter. These granules have a distinctly organued structure, 
and are of various sizes in different kinds of starch. Here is 
a picture of the grains of wheaten-starch. The diameter of 
the potato-starch granule is 0T85 mm., whilst that of the 
wheaten-starch granule is only 0*050 mm. * 

Similar organised globules or corpuscles are seen floating in 
the •blood of all the higher animals, and these are produced by 
life alone. 

And now, having thus brought you to the confines of the 
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vast subject of life and organisation, I must conclude with the* 
hope that the shbrt and imperfect reply which I have been 
able to ^ive you to the question — What is the eaifh composed 
of - will lead some of you to attempt to answer the’*question« 
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more completely for yourselves, and thus induce you to begin 
in good earnest tl^ study of nature, not only as being a never- 
ending soui’ce of delight, but also as the best possible'means 
of clearing oiu* minds from the cobwebs whiclf too often- 
obscure our thoughts and dim our recognition of the truth^ 
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LECTURE 1. 


WiiEX tbia courKe of lec?tuies was arrang#^!, it wa.s ilioiiglit 
desirable that you sliould have brought befoie you, in a brief 
blit conneAed seric.s, a geneial idea of what may be railed the 
Co^os, — the universe ; and accordingly, arrangements were 
ittfide, that our friend IMr. Lockyer should tell you about the 
Hetn(Wii»^4hat Dr. Koscijp should di.scouise to you of the P^irth, 
a,nd tnat I should follow siut, in giving you a sketch of the 
nistory of Life upon the biirtlL This then is the task that 
has been imposed upon me. 

If it be true, as many of oiu* scientific friends believe, that 
miui.hasTiad an ancient ancestry veiy^ different from that 
which we are now inclined to recognise, it becomes de.sirable 
that we should have some sort of idea, w'ho and what those 
mcestors were. We are told that man was once not only a 
monkey, but that there was a time in which he existed a^ 
some yet more obscure form of the lower animal crciition, nnd 
From which form he has developed to w hat he is now. This 
IS ftie doctrine of the Evolutionists ; a doctiine in which 1 
aeed scarcely say there is a large amount of truth ; a doctrine 
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that unquestionably explains much that has never been 
explained by any Either hypothesis ; but I have come to the 
conclusi^^n, that though it does undoubtedly explaift the origin 
of many of the lower as well as of the higher forms of animal 
life, I have never been able so to reconcile it with my know- 
ledge of the facts as they stand, as to believe that it accounts 
equally w^ll for the origin of man. 

The study of the succession of animal life as it has appeared 
upon the earth is the study of an enormous number of 
isolated facts. Now isolated facts are always compai-atively 
uninteresting. It is just in* propoHion as we ^an associate 
some general idea with those bicts, and show that there exist 
points of union, links connecting them together, that they 
assume a new aspect, and exhibit a measure of interest they 
did not possess when standing alone. It is when thus viewed 
relatively to the doctrine of evolution, that facts concerning 
the origin and history of life appear to me to assume their 
newest and most indei^endent intefost. And it is in reference 
to this do(;tiine that I shall endeavour to expound to you the 
leading truths of th5 science. The doctrine of evolution pre- 
supposes tluit exteniill influences, acting through enorrnousiy 
long periods of time, have altered the charrmter, the*wants,. 
and the organisation of living things. But such changes could 
not l>e produced quicldy ; oiu* own experience of what has 
taken place during^the historic fige shows us that such changes 
must have been slow. The crocodiles, oxen, cats, i^isses, and 
various other creatures that were embalmed amongst the 
mummies of Egypt, were animals such as still liye on the 
earth witliout having undergone any change ; the spe cif are 
still identically what they were in the«trge of the PhstilSlSEs. 

In like manner, when w^e glance at the Assyrian sculptures,* 
we see that the negro at the time of the Assyrian king- 
dom was precisely what the negro of the valley of Sennaar 
is still. 

Here then we have proof that, in the examples in quest 
tion, external influences, acting through thousands of years, 
have billed to make any material impression upon objects 
that flourish around us. If this be true, and there is no 
question that it is so, it follows, that we can never hope to 
test the doctrine of evolution by experiment. Man’s life is 
too short to enable him to obtain the necessixry resul>ts. 
Where then must we look for evidence 1 I unhesitatingly say, 
that it con only be derived fi*om the rocks of which the 
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crust of the earth is composed. It is impossible for us to 
assign definite periods to the ages of these ^jocks ; we cannot 
my Ijpw manjj thousimds or millions of years slipped by ;v^diilst 
those rocks were accumulating ; but we know that those 
|>eriods must halve been enormous. I doubt not, that we 
should be much saifer in counting them by millions mther 
* than by thousands ; and it is in the i-ocks thus slowly accu- 
iifulated, that we shall obtain sjitisbictory evidence *of what 
time can do in permanently modifying organic forms of life. 

But unfortunately the records which the rocks give us are 
imperfect, anck they are so for many reasons. These rocks 
liave {^cumulated, generally speakfng, under the sea, just as 
sediments are accumulating now. Most of our dry land was 
under the ocean at a comparatively late }>eriod. At a period 
geologically recent the Alps and the Apennines, the Andes 
and the Indian Himalayas, weie all I)eneath the sea. A map 
of Europe pointing out what was land and what was water at 
a very recent date, gives y^u altogether dilierent outlines 
Ji*om those you have at the present time. Such changes in the 
sesi-level have been going on per|)etually, jtnd the areas over 
whjph sediments, brought together by oceanic currents, were 
ac.cumuL'^ig, have consequently undergone similar changes. 
Nor have they ceased to do so even at tlie present hour. At 
every period there were large areas of L‘n|d separated by oceans, 
" — and at each one of those penods both thewea and the land 
had, in all probability, their respective inhabitants ; but many 
j)l>iects musf have been living on the land that never reached 
1-lm cjpean ; and even of the few teiTestrial things tliat were 
I5nt?w»ibed ili the sea, remembering at how few si)ots the 
geolog^i 3 f»> s opened the^ bowels of the earth, you will see 
that many chances exist against the probal>ility of such rare 
relics being stumbled upon by the fossil-hunter. 

Let me give you an illustration of what I mean. We have 
for some time past been dredging the ocean in all directions ; 
expedition lifter expedition has gone forth, culminating in 
•that noble and successful one of the Clutllengfr. Through 
these agencies the deepest parts of the sea have yielded many 
sub murine treasures, but has there been any one solitary in- 
stance, in the whole of these dredgings, in which a human bon^j 
has been fished up from the depths of the ocean 1 Not one ; 
and yet we know that thousands of unhappy mariners are im- 
mersed for ever in that ocean each yeiir of our existence. If 
then we merely trusted to w'hat the dredge has brought up, 
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such results would tell us nothing of the life of man upon 
the earth. And, so it must have been in all ages It can 
only h^ve been by fortunate combinations of j^rcumstances 
that any particular deposit could give us a fair conception of 
what the life was, that existed upon the earth when that 
deposit was found. 

If WG examine the rocks composing what we call the 
crust of Ihe globe, we discover a succession of layers arrangeti 
one upon another. The section on the screen may be taken to 
represent roughly a wide area, ranging from the central moun- 
tains of some continent to the sea, and such a section may 
approximately represent the* structure of the outer portions of 
the earth’s crust along a line hundreds, or even thousands, of 
miles in length. We here see that the lowest are the most 
ancient beds, and as we ascend from the lower to the upper 
strata, we airive successively at those that are of more recent 
date. Of course if we merely dig into tlie earth at some* few 
points, various parts of this serj()s will be wanting ; uplifted 
by volcanic and other causes, the rocks have frequently feeei^ 
tilted up on their# edges, and since many of these uplifted 
portions have bee% swept away for thousands of vertjpal 
latlioms of thickness, by what we call denudation,^ follows 
that many of the more modern nxjks, though once existing 
at such spots, may lyive disapj)oared. We also find from 
observation that%'Some of the more ancient rocks — as for in- 
stance those that form the mountain peaks of Snowcfon and 
parts of Westmoreland — have not probably been Entirely un- 
inersed under the sea for thousands, if not millions of ypaj's. 
And hence, while more recent dej[>osits were accumulatiikg-ih^ 
other parts even of the area now ocqjipied by our i^^^^aijsland, 
those particular parts may possibly never have been in sucli 
a jK)sition in relation to the sea as to enable them to receive^ 
a covering of the newer deposits. Thus you see, that, at many 
spots, we may fail to find the more modern strata, partly 
l^cause they never accumulated at those spots, or alter haying 
accumulated they may have been swept away again by thdse * 
vast denuding infiuences which have done so much to alter the 
})hy8ical structure of the surface of the globe. Nevertheless, 
i^f we begin on the south-eastern coast of England, and travel 
towards Snowdon, vre shall cross the uplifted vertical sections 
or “ outcrops ” of most of the known rocks, beginning with 
the modem* ones at the mouth of the Thames, paSsing 
successively the Chalk-hills of Hertfordshire, the Oolitic lime- 
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stones of Noi'thainpton, the Red sandstones and ( \)al boariiiir 
stmtii of Staliord, until we finally reach the ancient slates t)f 
Snowdon jUid the Welsh borderland. Now von know very 
well that if a brioklayer begins to build a wall, he does not 
coininence by hanging his top layei* in mid air, and IIkmi 
building downwards ; he puts his first layer of bricks on the 
^solid ground, where he can obtain a good foiuidation? and then 
proceeds to build upwards upon this foundation. 

And as a general rule we may safely allirm that this lias 
been the case with the rocks of the section before you, as well 
as of this oFljer one which sh(»vs the approximate relative 
thicknesses of the various layers that form the crust of the 
globe. At its base we have a series of strata only found 
in America — tlie Laurentian roqks, named from the river St. 
Laurence — near wdiose shores they are at loiist 3(),()(K) feet in 
, thickness. AboAe these is another series of Ameriean rocks, 
wdiich possibly are also to lie found in the Hebrides these 
aivbthe Hiironian beds, proffiddy 18,d(K) feet thick. 

Then w^e come to some of our own Wi>lsh and Wostmore 
land mountains, wlieie we find the (An^diriaii strata, which 
a(id T5,(K)t) feet more. Yet higher we have the Silurian 
and other Welsh and Westmoi eland rocks, 32,000 feet thick. 
Others, known as the Devonian beds^ still higher, are fiom 
10,000 to 14,000 foot. It is uimecossaiy to follow the section 
to its 4oj). Enough has been said to show what an enormous 
mass of ro^'k we have to account for ; and yet every jiarticle 
.p^that mass has been slowdy accumulated by ageneies wbieb. 
depflisiting .atom after atom, continued their action ibrough 
S'licalculable periods. When you observe how' slowly such 
accuniiiat*K)ns progress Ht the present time and we have ia» 
.jfttber standaid wlieieby we can judge of their late of progii'ss 
in past ages - w e are driven to the conclusion that this pile 
of strata represents periods which the liuman mind can 
scarcely cc^icoive of. During these peiiods, forces, which we 
cajl Forces of Nature, but which aie merely the instruments 
*of the Divine Architect of the w’-orld, have heeii in incessant 
operation, and it is to some of the lesults of that unceasing 
action, in connection with once living things, that we have to 
look to night. 

If it be true, as the doctrine of evolution requires us to 
belie^’e, that animal and vegetable life began with some 
obscure germs, out of which, as ages rolled on, other and 
more complex objects were developed, and that in this way 

£ 
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plants and animals gradually increased in the complexity 
of their organisation as the world grew older, then, we should 
expect to find something coiTesponding with this or|ler of d^e- 
lopment in the order in which plants and animals appear in 
the rocks. In the lecfture of to-night, I hope to guide you 
in this direction, through what is called the Palieozoic age, the 
age in w'liich many of the forms of life w^ere very dillerent 
from tliose now existing, but throughout much of which 
period certain types of organisation are found to prevail. Near 
the very bottom of tlie I..aurentian series there has been 
found in Canada a very extraordinary object, i# small mag- 
nified poi'tioTi of a setition of which is represented in Fig. 1. 
This is dechired to be the oldest known fossil. There is 
some dispute as to whether it is a fossil, or a mere mineral 



l'r«. 1. — Portion of a st'ctioii of Kozoon canaUenso. (a) Cavities otunipievi by the living 
luiitnal. (h) tlahMireous layers secreted by the animal, (c) IJrancliing canals in tl^c. 
ctthrareous layers. ,, . 

organisation. It is called the AVoow, jvhich means yj^^iwdawn 
of life.” Now that this is a fossil 1 have no doubt whatever ; 
if so, it is the earliest trace we have yet met with of an]/" 
animal form. We know that there are certain little objects 
now living in the sea called Foraminifera ; objects that possess 
microscopic shells made out of lime which they ex'uract from 
the sea-water ; and as the animals perish, their dead shells 
sink through the ocean and accumulate in its depths, where 
they form vast de[K)siis of c-alcareoiis mud. The valley of 
the Atlantic is largely filled witli these deposits. Ejich of 
these microscopic objects lives an independent life ; they are 
very minute — the largest recent Foraminifer I have seen 
scarctdy equalling the size of half-a-crown ; and living forms of 
this magnitude are very rare ; genemlly speaking they are like 
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the dust that we see blowing about the roads on a dry 
summer’s day. And yet, put them under iJie mici*oacope, and 
yoy discov^* that they are really organic atoms whit^h often 
display exquisite beauty. Now" the j)robability is that the 
Eozoon was a cieature allied to these Fonuninifcra, but 
instead of existing as a multitude of minute and separate 
protoplasms, as is the ease with our living fonij^s, in the 
rlozoon these protoplasms blende<l to form thin extended 
layers of jelly superimjKXsed upon each otlier. As myriads of 
minute polype animals combine, at the present day, to form 
coral-reefs iifaiiy miles in lengtji, so tlie united j)rotoplasms 
of the Eozoon constructed vast reefs of foraminiferous shell. 
Assuming these opinions to be correct, what position does 
this primitive creatuie occupy in the s(?ale of organisation I 
It is as near the bottom of that scale as it well can be. The 
only objects \vith which we are acquainted that are low er, 
certain microscopic, infusorial cieatuies, little spe<*ks of jelly- 
lik^e protoplasm, that are ii^und in both frtjsh and salt wat(‘r, 
and of w hich it is absolutely inq^ossible that any trace could 
bo preserved in a fossil state. Thus far then tlie earlie?rt 
Iqiowii fossil creature presents itself in aS’orm consistent with 
tlie idea* t)f evolution. The rocks reveal no further indicatioii 
of organic life until we ascend to the series called Uamiirian, 
found amongst the mountains of Wi^es, Westmoreland, and 
elsewdy^ue. This group of rocks was (diieffy investigated by 
that noble minded man, the late Professor Adam Sedgwick 
of Cambridge, whose ceaseless energy, bright intelligence, 
ahd, manly character, long will cause his name to retain a 
foremost place in the annals of English s(aenco. At a, com 
paratjj. M^ low^ horizon erf this (.Umbiian series there have been 
found at one or tw^o localities, but especially at a place called 
llray-Head near Dublin, the remarkable objects to which the 
name of Oldhamia has been given. These ()bje<!ts are found in 
such. quantities that layer after layer of the roc‘k is composed 
of them. That they are organic, and not mere mineraJiK(*d 
forms, the result of crystallisation, is indisputable. Wo are 
not absolutely certain wdiat they w'cre, but we have every 
reason for supposing that they w-eie Corallines, allied to those 
found so abundantly on our sea- coasts. • 

This second fossil naturally suggests the question, What 
is th^ position of the Coiullines in the scale of nature ? We 
have ascended to a considerable height in the series of rocks, 
and we should expect, according to the theory of evolution, to 



r>2 MANCHESTER SCIENCE LECTURES. 

have made some advance in the organisation of any fossils 
which those rocks »iay contain. There is no doubt that tlie 
(k)rralliiies come next to the Protozoa, to whicli^igroup ^lio 
Eozoon lielonged ; they occupy a higher position, but it is still 
low compared with wlia-t is to follow. Thus far objects con- 
tinue to be arranged in their right order. Wlien we ascend 
still higher' in this series we come upon an extraordinary .set 
of forms of wonderful diversity. The oldest shell that we 
have found is a minute creature, dillei ing from the ordinary 
sliells with which you are familiar. It belongs to a group 
well knowui to the conchologi^t and geolbgist as Ilrachiopoda, 
and of which the best known are called Terebratului and 
luinguhe. These creitures occupy a position in tlie scale of 
organisation a little lower than such shell fish as oysters, 
cockles, and mussels. It is to this somewhat lower group 
that the Obolella — the first form of shell fish that ha,s been 
found amongst the Welsh mountains— belongs. I do not 
mean to say that this is the oldest shell tluit ever lived : I 
merely say tliat it is the oldest of which wo have found any 
trace. A little hig^her up wo come upon a remarkable out 
burst of life ; w^e arftve at a part of the (kmbiian series in 
which we find a number of extraordinary (;ieatur§^, called 
Trilobites. They are ‘‘ crustaceous ” creatures, allied to crabs 
and lobsters, but occufjying a lower position in the crustacean 
series tlian crabs ^md lobsters do. Associated with these, we 
find fossil sponges, somewhat similar to tliose you are familiar 
with at the present day. These well know ii ol)jects hegaii to 
make their appearance upon the earth even at tliis ea,rly peidovl. 
Asso(uatcd wdth these sponges and cuiious crnstaceaiis, w e also 
come u])on objects knowui as Encrinites.; representativWTWfT^diicli 
are still living in our seas. These are animals veiy closel^^ 
allied to star fishes, but which, instead of being free and able 
to w'ander hither and thither, are plantoil upon a fixed stalk. 
The stem does not allord nourishment to the star fish at its 
top, but the star-fish a (l ords nourishment to the stem ; and 
although it has certain root-like organs, these do nothing for 
the creature beyond fastening it in the sand, in which it 
chiefly resiiies. They tlo not draw’^ any nourishment from that 
sttnd as the ix)ots of a tree would do ; they merely fix the 
creature there. The mouth, which is in the middle of a terminal 
series of branching arms, receives the food that those ^ums 
entangle ; and it is this part of the creature — the star fish 
part— that nourishes the stem and roots, and not the stem and 
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i-oots that noiiiish the fish. Tliese Kncrinites now begin to be 
comparatively abundant : we shall find th<!ni still more as we 
ascieud higller. Thus we see that we ha\e already *made a 
somewhat irnjx)rtant advance in the development of animal 
life. Ascending still higher, Nve reach tlie Silurian group 
of rocks, for the investigation of which we are chiefly indebted 
Jbo the labours of Sir Koderifik Murchison. AVe were long 



Fic. 2. — Ujii'cr surface of a Trilobite from llie Riluriau rocks, 

familiar with the fact tliat, running down the border-laml 
between England and Wales, there was a. long line of fossili- 
ferous limestones, of which little was known ; they \^ (m c 
only recognised by the vague name of Transition limestones. 
We merely knew that tliey were thought to he somewhat more 
modern than the older slate rocks, and somewhat ohlei than 
the coal-beds of the neighbourhood of Manchester. But 
ATurchison found that these rocks were fis c.ipalile of being 
studied and an*anged in chronologicfil order as any other 
rocks wdth which we are acquainted, and tlie publication of 
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his great book, entitled The Silurian System, gave us the clue 
wanted to the uifderstanding of the entire series. It turned 
out that this Silurian series of strata, which had f )een so long 
neglected, was not only richly fossilifei’ous, but was quite 
as mu(di so as any rocks seen in other portions of the fossi- 
liferous series. On entering this new region we still find 
that most of the types met with in the Cambrian beds lived 
into the Silurian age, though the species were different ; we 
still have the Sponges and Encrinites. The Trilobites still 
occur, and sometimes in extraordinaiy profusion ; in fact this 
Hiluriaii age was the one in which they culminated ; being 
more abundant then than at any period before or after. In 
the Ar(;tic seas at the present day tliere are ceirtain small 
creatures so abundant that wlien a whale opens its jaws and 
takes in a mouthful of water, after squirting the water out 
between the plates of whalebone, which serve as teeth, it re-» 
tains a huge mouthful of these small objects. Theie must have 
been something like this in the allcient Silurian seas, because 
two of tiieso Trilobjtes, the Trinucleus and the Asaphus Jluchu, 
occur in such nunjliers, that entiio sti‘ata largely consist 
of their remains. We now come upon certain t^mgs that 
we have not hitliorto seen. We find, for instance, a group of 
extiaordinary objects, called Gnxptolites. For a long time 
we doubted what tlu^e were, but they are now understood 
to be a remarkable group of Corallines. They wnre not found 
in the (yambrian beds, nor have we found theim at a later 
period than tlie Silurian. I may refer here, whilst speak- 
ing of these Graptolites, to the great discovery wliich "fii^st 
erected geology into a science, and which was made by tlie 
veteran friend and tutoi* of my youngbr days — I mean the late 
father of English geology, William Smith. Previous to Smith W 
day the ixjcks were unclassified, because we had no moans of 
estimating accurately their relative ages. Smith however 
discovered that in all this pile of strata — at all events in such 
portions of it as he was familiar with — each stratum or grouj^ 
of rocks possessed organic remains that were characteristic of 
that group, and that were not to be found in any other. 
Consequently, just as when you disinter some accumulation 
oi buried antiquities, you see by the stamp upon the coins 
whether they belonged to Gi*eek, Roman, or mediaeval times, so 
the geologist, taught by Smith, learned to recognise, notf it is 
true, the actual tige, but the relative fige of the rock which he 
happened to be inspecting, by means of what my old friend 
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Dr. Man tell termed the “medals of creation.” By this he 
meant the peculiar fossils which that ro4*k enclosed within 
itsb stony matrix. 

In strict accordance with Smith's theory, wlien we find tlieso 
Graptolites we have every reason to believe we are dealing with 
Silurian rocks. In these rocks we also come across star lislies. 

> Thus you see we ai e steadily advancing into tlu^ midst of 
things with which wo are still familiar in a living stabv 
When w’e reach the middle and upjx't* j>art of this i*lass of 
rocks we find Corals extremely abundant; we lind lemains 
of Corals e^en among the Cambj'ian beds ; but wlien we reach 
certain deposits in the middle and upper j)art of the Silui-ian 
system, we have the clearest evidence of the existt^nce of 
tropical seas, because Corals like tho.se tliat now fiourish only 
within thirty degrees of the equator, have been as alaindant 
as they now are in tropical regions. The 1imeston(‘ IkmIs of 
Dudley, in the iron district, are almost entirely ma<lo up, in 
s(*me places, of vast accmnulations of tropical (Vu’als. Bui 
besides these, w e also find that there has J)een a, rapid develoj)- 
ment in molluscan life during the Siluihin age* ; and not only 
so, but we find liere a I’emarkable devek^pinent of tliat» liigliest 
tyjie of molluscan life known by the name of cutthrfishes. I 
do not mean tosay th.at we have actually found tlie (Mittle fishes 
themselves, but we have found shel4s which we know must 
haveWietm embedded in the soft tissues of buttle tislic^s. WJien 
I tell yo^i that some of these shells must have bex^n sovem 
or eight feet in length, you may judge wliat must have 
been the size of the living cuttle-fishes to which th(»y bcdongc'd. 
’Nc)W' mark wdiat this means. Bccollect how' comparatively low 
our^polsition still is in the scale of stratified rocks, and 
remember that these cuttle-fishes not oidy oc^cupy tin* 
highest position in the scuile of mollusc^an life — that is, the 
life of shell-fish — but that in many instances they aj>pro\ 
imate .s<^ near, in some parts of tlteir organisation, to liu* 
vertebrate section of the animal kingdom, as almost to exmst i 
tute a connecting link between the one and tlie otlnu*. For 
instance, the cuttlefish has a brain enclosed in a cartilaginous 
cranium, a brain pan made of gristle. Now hei e w e cleaidy 
have an approach to the skull of the vei tcibrate ty})Cf cd 
animals. S^ill further ; the cuttle fish leas sjiccaal ganglia, or 
in^ysses of brain, set apart for the exclusive purjx)se of giving 
origin to the nerves of sight. This is precisely what occurs 
in our own bodie.s. The neiwes of sight in the human body 
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arise from two special nervous ganglia, the “ optic ganglia ” ; 
and we find two perfectly distinct gimglia, one on each side of 
the brjvn of the cuttle-fish, from which its nervjjs of vision 
pi*oceed. Thus we see that, in more respects than one, these 
cuttle fishes and their innumerable allies, not only occupy a 
high position in the scale of niolluscan life, but they almost 
form a stepping-stone across the boundaiy which connects 
the molld'scs with the veitebrate animals. In the Silurian 
age not only were these cuttle fishe.s represented by the 
(irthoceras, but we find other external chambered shells of 
the same general type corresponding to tlie livings Nautilus. 

But we must advance yet \ step higher. There have been 
found in the uppermost pai't.s of this Silurian series of deposits 
the remains of fishes which aie met with here for the first 
time. One of these fi.she.s, the Cephalaspis, so much resembles 
a large Trilobite in form that, when first found, we need not 
be surprised at its liaving been mistaken for one. Further 
investigation, however, showed ve^v cleaily that it was a true 
fish. It might readily have been supposed that the Cephalaspis 
W 71 S a crustacejin irt course of development into a fisli ; but 
tlie peculiar shape t^hicli suggests this idea is only one of 
those outwaixl lesemblances, devoid of i*eal identities,* that are 
apt to misletid imaginative minds. When we examine the 
organisation of tins object, we find that it had genuine bones 
like other fishes, acid that its hard structures were altogether 
distinct from the peculiar integument that constituted the 
protecting covering of the crustaceans. 

But associated with this Cephalaspis there also existed in 
later Silurian days another fish. And now comes one of the 
]>erplcxing facts which geologkial invej^tigation has brcwgjit to 
light, and which appear unfavourable to the doctrines of de-^ 
velopment and evolution. Murchison first showed that in the 
upper Silurian beds there existed thereimiins of species of shark, 
and other observers have verified the statement. When w’e 
inquire w^hat position the sharks occupy in the scale offish-orga- 
nisation, w’o learn that they occupy its summit. They possess 
at the present d.iy a brain organisation wdiich brings them 
extremely near to the reptiles. There is every reason to 
suppose that the piirticular fossil found in these Silinian beds 
is not only a shark, but that he belonged to one of the highest 
types of the sharks. We have hero a seriously Jlwk ward fact. 
Nature has apptirently kiken a step forwards, in advance of 
her time. Between these sharks and the low^est forms of fishes 
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there exists a vast series of fishes such as we see in our markets, 
but w'hich have appirently no represen tativgis in this ancient 
epoch. In t^ie first place, if you take a salmon or a cod iish you 
will see that its vertical tixil divides into two nearly equal 
lobes ; and if you trace its long vertebral column oi backboiu', 
you will see that it terminates midway lietweon the up|:er and 
the lower lobes of the tail ; hut no such lisli is to l;c found in 
jtny of these moie ancient rocks. Before we can fiiuf fish like 
the recent ones, so far as the tail is conceriKMl. we must retudi 
the Oolitic period. Uj) to this point of time all t he fishes that v o 
find are eitJitr sharks, or belong to aiiotlier groat group, tlui 
Oanoids, of which I shall have to*say a word or two presently. 
Here, then, I repeat, we have a difficulty. We cannot bihlge over 
the gap which connects these sharks with thi^ lower forms of 
animal life which 1 have l>een endeavouring to de.scribe. What 
future i*esearch may do to lemove this stuml)ling-block we 
cannot tell — bnt at2)resent it does stand as a serious hindrance 
to our uni'eserved acceptanc^of the evolutionary tlieory. 

iJiit we must now pass another of the boundary linos 
dividing sepaiiite gT*oups of strata, wlien V shall roach tlie 
Devonian hods ; these are a very leinarlAibh^ series of rocks, 
the relations of which liave only heconu^ intelligible to us of 
late 3^ears ; but they w’ill have a special interc‘st foi* some of you, 
if, as is probable, I have some Scotch men am on irst mv audience. 
"It was fiom amongst this .s<u*ies of Ifev'oniau* labels tluit one of 
the brightest intellects of Scotland fought Jus w’My up from 
w ielding a .^onemason’s liamiiier to heroming e^litor of one of 
the ablest of the Scotch newsj)apers, and tlie author of some 
()f« the most elocjuent descriptive books ever w ritten by mortal 
pen — I mean the late Hqgh Miller. Now^ aMiller, and others 
who ^()llowed in his footsteps, brouglit to light from this 
Devonian series of rocks a very lemarkahle sot of fossils. I 
won’t.dwell upon tlie shells and other curious ol)jects found in 
these rooks, for time is sliort, but I will call your attLiition to 
some pi tile fishes with which he first imnle us acquainted. 
JDiie^f these is the Pterichthys, an extraordinary looking 
fellow, with two wing-like appendages hanging l)y his si<le, 
and covered with an armour of large angular plates that 
remind us moie of a tortoise than a fish. Tlie ( Viccosteus k 
another, and if possible still more curious fish, with a tadjxile- 
like head, resembling in shape those black and slimy froglets 
and newtlets that dabble at the margins of our jxinds in etirly 
spring. But besides these examples we have other modifications 
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of the Ganoid fishes, in which rhomboidal scales overlap each 
other like the sUtes of a house, and in which the vei-tebric 
of the^tail run very conspicuously into the uppei^lobe. ^ 

The group to which all these fishes belong is not yet quite 
extinct. It continues to be represented by the bony pike 
of North America, and a similar fish, called the Polypterus, 



Fio. 3.— Under surface of a rtcric.Ulhys from the Devonian roekA. » • 


is found in the Nile and in other rivers of Africa. In addi- 
tion to the scales of tliese fishes differing from those of the 
^od and siilmon in outward form, they are also much more 
bony in their internal structure. Ascending through the whole 
of this pile of ancient rocks, we discover no kind of fish except- 
ing meml>ers of the shark tril>e, including their relatives tlie 
skates, and these Ganoid fishes, until we reach the Chalk stnita. 
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We still find in this Devonian bed the Cephahispis, which 
continued to linger through the earlier pirts«of the Devonian 
age. • But, before we leave this age I must inti*odu(*e you 
another acquaintance whom I have previously neglected but 
whose race began its career during tlie epoch ot the up|»er 
Silurians which we have already considered. He is called 
tjie Eurypterus, and is a sort of half-developed lobster, lit* 
grew to the stature of an adult, whilst he retained some of tlu‘ 
organisation of his earlier life. He seems as if his limbs htid 
forgotten to grow along with his body. But wlien I tcdl you 
that ho was oTten six or seven feqj^ long, you will see that lu^ 
would afford an excellent dinner to one of the lob.st or loving 
sharks of that ancient date. He disaj>peared entirely at the 
close of the Devonian age, and there has been nothing like him 
since. I suppose the sharks of tliat period ate him up, and 
Dmre was an end of him. “ We shall not look upon his likt‘ 
again.” 

Tims far I ha ve made no allusion to the vegetation existing r)n 
the earth. We find vague traces of plant-lify in the Silurian and 
Cambrian beds, but, so far as we can a^u*ertain, those )>lant- 
remains are merely fragments of seaweeds ; w(^ have no very 
definite evidence of anything higher tlian seaweed.s existing in 
those older days. For a long time we were e(|ually unaw'ar'c^ tluit 
gny higher flora lived in the Devonian j%e ; but my friend Dr. 
Dawsou, of Canada, has, within the last few revealed to 

us the existence of magnificent forests during tliis geological 
peyiod. This flora corresponds very minutely in all its general 
fe:rture.s with that seen in the coal-beds surroiuuling Maiicliestei'. 

'For instance, we find in it extraordinary (’alamitos, hug4‘ 
plantsbalfied to the horsetails of the present day. Then it con 
L'iined Lepidodendra, gigantic repre.sentativo of the dwarfed, 
living club mosses, but instetul of creeping along tb(4 ground, 
and barely lifting their hejids twelve inches from tlu^ 
soil, these^were magnificent trees, rising 100 foot into tlu* 
aii^ ^Tlieii we also had a rich aiTay of ferns. We must 
^lot overlook the notable fact that in these Devonian beds tin's 
wonderful flora bursts u}X)n us with almost the suddenno.ss of 
a flash of lightning. Most of its plants are what l)otaniHts 
call cryptogamic ; that i.s, planks that have no flowers, hift 
meiely develop what are termed spores, and not true seeds. 
But §ide by side with them we find a wonderful display of 
coniferous plants, allied to the tribe of pines and firi^ and 
which we know to b© flowering and seed -bearing plants ; but 
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they are flowering plants of a very peculiar type. Whether 
we may consider* them as having a higher or lower oiganisa- 
tion Mian oaks or elms, is a point on which c^iinions (iitfer ; 
hut our best botanists incline to regard them as connecting the 
myptoganiic Lycnpods on the one hand, with the flowering trees 
on the other. There exists no evidence showing that any of our* 
f)i-dinary forest trees grew on the earth in this Palajozoic age 
(Ip to the close of this vast period the flora was confined 
apparently to these cryptogamic plants and conifers. We must,. 



Fi(j. 4. — Piiuiule of a Fern from the eoal-measures. 

not overlook the notable fact tluit this wonderful flora bursts 
suddenly upon us. We have yet found no indications of a 
previous and less highly-organised flora, out of which that 
binder consideration might have been directly develojied, at 
f.he same time it is possible that some such may hiive existed 
without any tmces of it having been preserved in the^older 
roiika^; 

We must now leave the Devonian age, and come to the 
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Carboniferous beds, that is, to the group of strata to which our 
British coal-measures belong. These, of course, are beds that 
intergst us in^vory sense of the word, and were I to dealr fully 
with tliem it would take an hour, even to clear the grouiKl. 
I need scarcely say that the Carboniferous age has left ricb 
^blessings to mankind. Though it is not the only geologital 
period which has supplied the world with that invaluable 
article of fuel which wo call “coal,” it is undou})tedly 
period in which the finest and most widely dilTused beds of 
coal were accumulated, and consecpiently our manufacturing 
interests owc» moie to this than to any other series of 
, deposits. Not only is it our chiof source of coal, but it is 
also that from which we draw our most valuable supplies of 
iron. So that liere we get, side by sitle, the raw materials for 
the construction of our machinery, and the fuel by which that 
machinery is to be worked. At the time when the (?oal measures 
began to ticaaimulate our country exhibited very dineient 
outlyios of land and sea fro^i what it dues now. If we go 
to the lowest of these Carboniferous strata in Westiun \'ork 
shire and Derbyshire, w’e there find the ro(^ks in the shajie of 
grey limestones — the Derbyshiro limestoni, with which most 
of you are familiar, and of which you make use in building 
your garden-rockeries ; on visiting Derbyshire you si'c tlu^^ii 
Hmestones, lising on all sides, constituting the vorti<*al (;! ill’s 
,tiiat ad(J such a charm to Derbyshire scene#y. Tlie fossils 
which they contain show that these limostones liave het*n accu- 
mulated in* a deep sea, wdiicli covered Derbyshire and the 
adjoining parts of Yorkshire. Ilut when wo cross over* 
into Fifeshife and the neiglibourhood of Edinburgh, we find 
that t}jes6 thick strata marine limestones are altogether 
absent. Whilst Derbyshire was deep under tlie ocean. 
tTieie flourished in North Britain magnificent forests, analo 
gous to those I have been describing as existing in the 
Devonian a^e By and by, however, in our midland part of 
the C(j|aitry; the sea gradually became filled up with itsac(uimu- 
kiting organic sediments, in addition to which it is probiililo 
tliat the land itself slowly rose, and after pas.sing through a 
transition period, in which sea seemed to struggle with land 
for the mastery, we arrive at what we call the Mountain coaj 
mines. These are a series of very thin coals, which run along 
the hill-sides of Halifax and Oldham, and one of wdiich, cuts 
horizontally through the top of Rivington Pike. Every lied 
of this coal represents the beginnings of an ancient forest. As 
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yet the forests of this district evidently had not attained to 
any prolonged diyntion, as is indicated by the thinness of the 
coal s^ims ; but when we rise a little higher wq come ty the 
rich coal-mines round Wigan, such as the Arley mine and 
others, with beds of coal from five to seven feet thick, and 
which have been entirely produced by the decay of the leaves, . 
branches, and prostrated trunks of the forest- trees which 
accumulfited on the ground where the coal-beds now exist. 

We have now reached dryland .and forest life. There is 
evidence amongst these beds th.at not only did plants gi-ow, but 
that land-shells flourished under their shade ; ifw^o land-shells 
having been found in coalbeds of this age in Canada. One « 
is a true snail shell, and the other is a Pupa — a genus of 



Kjg. [}. — A Qiinoid AhIi from tlie coal measnres with the heteroeercal ".tail, i.e... laiving 
the vertebral column prolonged into its upper lobe. 


molluscs allied to the snails still found living in our owjj 
woods. If you were to examine the trees growing in the 
damper parts of Bowdon Woods I have ho doubt whatever 
that you would find shells of the same kind adhering to their 
bark. Wo have also clear evidence that insects aboi^n^ed 
at this period. Spiders, too, were not wanting, spiders of largi? 
size having been found in some of the ironstones of this Car- 
boniferous age. Numerous shark-like fishes were associated 
AYith equally numerous Ganoid ones in the deeper waters, all 
these fishes having the “heteroeercal” tail of Fig. 5, w^hich 
represents a Ganoid from the coal-measures. In the miyshes 
and estuaries there existed numerous Batracliians, or rep- 
tiles allied to the frog and newt; but some of which must 
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have been almost as large as crocodiles. Combining all these 
facts, we find that so far as animal life is concerned we arc 
stead^y rising in the scale of organisation, and approaching 
nearer to living types ; but so far as vegetable life is conceriUHl, 
wo are still in the same j)Osition as we o(*cnpied in the 
Pevonian age. We find now tliat amongst the trees there 
stni are gigantic horsetails, relatives of those which you see 
in our ditches and ponds at tlio present time ; tlie latter 
plants are generally not more than a foot or eighteen inches 
high, though occasionally reaching to four or live f(‘(^t : of 
which size I IfJive found them in the dam]> parts of I)er)>y- 
*>hire. But what size were these fossil “( Sila, mites ? I have 
specimens of these ancient horsetails in my cal)inet that 
must have been twenty or thiity feet high, and with steins 
nearly as thick as my waist. Then we have the plants .already 
referred to as allied to our cluh-mosses. 1 mean the l.ejado- 
dendia and Sigillariie, and we find that tliey often rose to 
100 f^et in height. We hav^n the Owens College museum 
a cai*efully-niade cast of one of these huge stejns, distnvered 
at Dixon Fold, on the Manchester and Ikflton Kaihvay, and 
which measures twelve feet in circumference near its base. 
How very peculiar must have been the aspect of forests com- 
posed of such gigantic cryptogams ! 

^There was also an undergrowth of ferns and smaller horse- 
tails, with here .and there a few Tree ferns •vainly asf)iring 
to rival tlio aristocivitii^ Lyco])ods that towered above tlieir 
heads, and on the drier uplands the pine forests a])pear to 
have flourished apai-t from their cryjjtoganiic neighbours. 
There is evidence tliat the climate of that Carboniferous age 
was ikJ) ffait of our tein^eiute region. We have rtiason to 
si^ipose that it was a warm one, hut we have no proof that it 
w as ti'opical in its character. Whatever it wiis, it \vas the same 
in Greenland, in Central Eurojie, and in Australia, since in all 
these remote localities wo discovei’ similar fossil j)lants in 
tlie Carboniferous beds. There must have been a })eculi,*inty in 
tlie pliysiognomy of these Garbonifeix)iis forests. No flow^ering 
plants gave local colour to the Landscape. There wer e no grassy 
meadows covered with daisies and buttercups, or ricdi moor- 
lands glowing with the purple and gold of lieatlier and furze. a 
The entire aspect of the vegetable world must at that time 
have been something like what Mr. Wall.ace tells us is so 
characteristic of tropical forest^ in the present day, wheie we 
see every shade of green. The eai*th is ladened with the 
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luxuriant vegetation wliich it suppoi'ts, but you have no 
masses of flowers giving distinctive colouring to the landscape. 
You liave, it is true, individual trees that ai« rich in» their 
gorgeous bloom, but they are isolated and lost in the verdant 
expanse. Such also must have been the hue of the woodlands 
which flf)urished in the Carboniferous age. 

As w^ a,s(;end thi'ough the Carboniferous rocks we find thiit 
marine objects l)ocome gradually fewer in number. In the 
older beds a great many of the types of shells that charac- 
terise tlie Silurian and Devonian ages still flourish. We find 
Corals and Eucrinites ; wg also discover a few small Trilo- 
bites which still linger, but which now take their departure' 
and we see them no more; but as they disappear we have 
evidence tliat tlieir place is being taken by tlie living Crus- 
ta<;oa,ns that may l)e regarded as the nearest relatives of 
these ^rrilobites - 1 mean the curious lirnuli, or king crabsi, 
now found in the tropical parts of the world. The king- 
crab, whicli exists in the sea-s%^f many tropical regions, is 
very like the TriloJ)ite in its structui'c and genend appearance ; 
and tlie advocates^of evolution would contend that the king- 
crab was evolved from the lh*ilobite. Be this as it may. I can 
oidy say that we have the last descendants of the expiring 
Trilobites jae.served in the Carboniferous rocks, and, side by 
side with them, we hiA^e the Limuli beginning their race of lif^ 
Tlie former are*the latest of all known Trilobites, whilst the* 
la tter are the earliest of all known king-crabs ; but there is not 
the slightest indication of any transmutation of the one into 
the other of these two fossils. Of course it is not impossible 
that there may have been embr>*onic links establishing a* 
transition from the Trilobite to the Eimulus, but geology gives 
no evidence whatever of the existence of such links. The 
Limuli are very definite in their shapes, and .cannot by any 
stretch of the imagination be made to merge into the little 
worn-out Trilobite that was evidently coming to the end of its 
days. ’ • 

Above these Carboniferous rocks we have a group called the 
Permian beds, ujxin which I will not dwell long. If you go 
to the neighbourhood of Collyhurst, near Manchester, you will 
probably still find traces of an old quarry, called the Vauxhall 
quaiTy. That quarry was well known thirty years ago, because 
it was from it that the Manchester ii-on founders oh that 
period obtained sand for constructing moulds in which to 
make their iron castings. Now that sandstone lests upon 
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the coal strata, and forms the base of this Permian series of 
rocks. Then theie weie found, not far froiii Vanxlialh^a few 
thin layers of %limestone ; and in the neighbourhood of Pedfoni, 
near Worsley, these limestones are a little moie fully developed. 
These limestone locks contained j)eculiar fossil sliells charax*- 
•teristic of the Magnesian limestone, which is a meml)er of the 
Permian seiies. 

On going eastward across the Lancashire hills we come to 
..a series of beds of yellow limestone, whi(‘h you will see in 
cuttings in the neiglibourhood of Wakefiidd and Normanton ; 
these jigain are the same Magikesian liiuestoiu^s as those 
’thinner ones found in Lancashire. Wlien we reach Durham 
we find this same limestone still furtlu'r (h'veloped, attaining, 
in that distrmt, a- thickness of son»<*(hing like oOO feet. Jt is 
obvious that the sea. in which these limestones weix^ deposited 
was a shallow one in western Lan<*ashire. ami dee} ciumI as v\ (‘ 
approach the Durham (*oa.st. This Magn(*sian limestone so 
called becaiiso it contains M small }:er(enta,ge of Magnesia 
mixed wu’th calcareous matter— is ricli ,ui fossil remains. 
Many of these remains aie peculiar. Tlie^^aie fossils tljat wo 
have not found in the Carhonifxu'ous beds helo\v, or in the 
Triassic beds above ; some of these Pxuniian beds are often 
exceedingly rich in the remains of (lanoid iishes ; l)\it though 
species aie distinct, the types 'are sbnilar to some 
•found in* the (Carboniferous strata. . . . Tlamdiief importance 
of thcise bed#; to ns now* is fxnnid in the circumstance, tlial 
in the nxdghhourhood of Hristol tlie remains of reptih^s of a 
higher order than any we have liitherto met witli liave he(*n 
found in ^them. Those reptih\s are partly allied to the 
lizards^and par tly to the (!roco<liles. 

Thus we see that so far as we have ac(*omplished our ascent 
fr*oin the lowest to the highx*st strata, race lias heen supjilantcil 
l>y race, geneiution has followed genei’jition ; occasionally we 
liave seen evidence that sx'emed to indicate the existence ‘»f 
links connecting a depar ting race wdtli another that succeeded 
it’ suggesting the jHissibility of a gi*adual transition having 
taken place from low er to higher forms as years rolled b\'. 
There areahso broad general indications of an npw ard ])i*ogress, 
shown by the introxluction, from age to age, of animals liaving’ 
a higher organisation than those which lux^ceded them. Put 
nothwithstanding this we are obliged to admit, that when 
view^ed in minute detail, the I'ocks wdiich w’e have examined 
give but a very limited support to the doctrine of evolution. 

F 
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I will not dwell upon this subject now, because I shall have 
to giye you a slight rmime of the matter in the concluding 
lecture of the series I have thus far guided yoitonly thipugh 
the Faheozoic series of locks ; and tliat but hastily and imper- 
fectly, because of the limited time at our disposal. I have 
only been able to give you a bird’s eye view of the country* 
over which we have been travelling ; trusting that you will 
again go over tiie ground by yourselves, and in a more detailed 
and leisurely manner. 
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LECTURE IT. 

*rv my last lectiiro I comliictod you throiiirli wlint is called 
the Pala'ozoic period of geoloj^ry. You will recollect 1 pointed 
out to you, in that lectuie, that freoloj[yists rou^ldy divided 
the time, duriii<;^ which the earth has been undergoin<r geological 
tt'aiKsformations, into three great ages: ihe Palaozoic, or 
ancient age ; tlie Mesozoic, or mid<lle age ; and the (Aiinozoic, 
or rCt^ent age. 

The Paheozoic age, which we dealt witb last Tuesday, is 
charjicterised equally, as we saw, by the creatur es which lived 
in it and Iry the creatures which did not then exist. We 
found that there were special types of living things which 
flourished, more or less, throughcnt evet^tho later portions of 
age. But Tve now cross a boundary line, bpyoml which we 
■find evidence of a great change. I do not moan to say tliat 
all the geneiKr we shall meet with are wholly now, because 
• such is not the case. On the conti’jiry, there are large numbers 
of patterns that appeared upon the earth in the 

e’ariiest po]jtions of its history, which never pa.ssed away again, 
and wMch are living at f^ie present time ; but, whilst this i.s 
perfectly true, it is equally .so that, at the boundary line we 
are now crossing, like passing from one hemisphere to another, 
w’e leave behind many things that we have become familiar- 
with, and are brought 4^ace to face with new foiuns of 
orga*iiclife. The boundary line of which I now^ speak comes 
high up in the scale of rocks. Judging from the immense 
pile of strata through which w-e have already ascended, you 
might suppose that we were arriving near the end of our 
journey. But this is very far from being the ca.«e. You 
will learn, as we proceed, that, though the thickness of the 
remaining strata is insignificant, the interest of their organic 
contents, and the vast changes which those organisms have 
undergone, becomes increasingly remarkable. There seems to 

F 2 
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have been a marvellous quickening in the power of developing 
life as the world grew older. During the earlier stages of 
the v^t Palieezoic age, the progressive developijjent that took 
place advanced much more slowly than it did towards its 
close — and we shall find that after entering upon the Mesozoic 
period, the rapidity with which that development increased 
becomes^ more and more marked as time advances. 

Leaving the Pal«eozoic rocks, we come to the base of tfie 
Mesozoic series, represented by what are called the Triassic 
formations. These are strata with some of which you have 
the opportunity of becomii^ sufficiently familiar, because the 
most conspicuous of them is that red sandstone which you 
see extending in so many directions around Manchester, but 
especially throughout the whole plain of Cheshire. The red 
sandstone, and the marls that surmount it, are especially rich 
in the rock-salt which is extrjicted from the salt-mines of 
Northwich and various other parts of Cheshire. But it is 
not with the physical and inorgj?nic features of this age^that 
we have now to do. 

At the same tin^e I must just^mention that there exists in 
the middle of this series of Triassic rocks in Germany a 
compmitively thin limestone bed that is rich in fossil shells. 
The occurrence of this Muschelkalk ” is rather important 
to us, since we happen to have in Britain no representative 
of this stratum, and, but for its existemje elsewhere, we shodid 
have been very ignorant of much of the life of the Triassit' 
age. Tlie Triassic rocks seen in England are extremely bari’en 
of fossils. At the same time they do afford us some infor- 
mation which we shall find to be significant. In the fiivst 
place, thb Muscdielkalk tells us that the family of Encrinites 
is still represented ; all the types of this group which are found 
so abundant in the Palaeozoic beds have disappeared ; eveiy 
one of those numerous species have become extinct. In 
their phice, in this German Muschelkalk, which, translated 
into plain English, merely means shelly limestone,” we 
find a new Encriuite, a true member of the Crinoidal family 
and yet altogether different from those whose place it hiis 
taken. The question inevitji-bly arises, ** How and whence has 
this new Encrinite cornel” It is very distinct from those 
of the Carboniferous rocks ; merely preserving the general plan 
and pattern according to which they are all constructed ; we 
cannot so connept it with any of the extinct forms as to suggest 
a probability that it has descended directly from them ; it 
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is the isolated known representative of the vast race whose 
plac« it has taken so far as the Triassic stiuta are concejned. 

Then ther» are shells peculiar to this age, but I need not 
dwell upon them. Most of them are merely useful to the 
geologist in helping him to ideiitify the pirticular rock that 
lie may happen to be examining. But the case is different 
when we turn our attention to some extraordinary •creatures 
which, in all probability, once roamed over the very s|>ot where 
you are now sitting. The history of these c*reatiires is decidedly 
peculiar. In the first instance there were found, at CornccHjkle 
Muir, in Scotfand, some slabs of sandstone, the suHaces of which 
exhibited impressions of what were evidently the footsteps 
of four-footed creatures. These impressions were generally 
found on marls that were covered over with a bed of sandstone. 
The impressions in the clay were hollow, and of course the 
sandstones that filled up these hollow impressions were in relief. 
It very soon became clear that, whatever the creatures were to 
whieh these marls owed t^^r existence, they had been living 
things that had walked upon a half-san^y, half-muddy tidal 
shore, and had left their footsteps as they ti'avelled along, which 
footsteps had become hardened by the sun before the returning 
tide was able to wash them away. These impressions afterwards 
became covered with layers of sand, winch protected their 
<Jiarp outlines from injury, until they ’v^ere once more brought 
into daylight by the labours of the quarryman. Wo have 
strong reaj^ns for concluding that these footsteps were 
formed on a tidal shore, and the evidence that leads us so to 
conclude is of *i kind that is perfectly available to every 
•Manchester man. As you walk through the |treets of 
Manchester you may Ifive noticed the difl’erence between 
the flags of our pavements and those you find in the towns of 
western Yorkshire ; for whilst those of Yorkshire are almost as 
smooth as the platform upon which I stand, those of Lancti- 
shire are rough, often marked with irregular, wavy ridges and 
furrows, not altogether comfortable to walk upon. Now what 
db these ridges and fuiTows mean ? You cum easily answer 
t\iis question for yourselves if you recall the similar irregu- 
larities constantly left by the retiring tide on the sands of 
Southport and Blackpool. When tidal waves are moviiljj 
slowly over a layer of mud or sand, some remarkable move- 
ment«of the water, that is not clearly intelligible, produces 
these ridges and furrows. The sandstone from which w^e have 
obtained these fossil footsteps often exhibits ridges and furrows 
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exactly similar to those recent ones to which I have called 
your |ittention ; ^ind as we never see them excepting where 
there has been flowing water, and especially tidal wat^.*, we 
come to the conclusion tlifit the sands on wliich these foot- 
steps were impressed were covered periodically by the tidal 
wave. 

The next question is, by what sort of being were the^ie 
footsteps made 1 We must go to different parts of the world 
for a full response to this query. These footsteps have been 
found very abundantly in our own Cheshire district ; niagnifl- 
eent examples of them occnr near the village of Lymin, and 
another remarkably fine net of them was discovered at the 
Btourton quarries, near Liverpool. Examining these foot- 
steps more minutely, we see, in the first place, tliat there are 
two sets of them ; there is one series of very large irnpiessions 
produced by a large foot ; and alternating with these is a 
corresponding series of much smaller ones. Since these im- 
pressions very much resemble tk^se w^hich would be made by 
pressing the outs^pread palm of the hand upon soft, wet 
sand, before any rr-mains of tlie creature which made them 
had been found the latter was called the (dieirotherium, 
or beast with a hand. From the regular alternation of large 
inqjressious wdth small ones it w^as clear that the fore and 
hind feet of the creatufe Iiad varied greatly iti their dimension|^.; 
and further exairiination led to the conclusion that the smaller 
feet had belonged to tlie fore limbs and the large^r feet to the 
liind ones. The probability that this wuis the cruse led natura- 
lists to eoiadude tlvat tlie animal had been a huge Batradfiau, 
a near r<||ative of the frogs and new^ts. In time a few* of its 
bones and teeth wxu'e discovered ; vind so far as fiiey* went, 
they gave support to the above conclusions. After tliis, still 
more perfect examjdes w^ere obtained, which leave no doubt 
that geologists w ere correct in the opinions they had fonned 
respecting the nature of the Cheirotheriiim. But before this 
identity of the foot prints and the fossil bones w’as established, 
the name of Dibyrinthodon had been given to the latter by 
Professor Cw en, owing to a remarkable labyrinthine pittern 
exhibited by transvei*se sections of the teeth, peculiarities 
\Vhit‘h he descrilied and figured in one of his w^orks. This 
creature w^as one of the most remarkable animals lirtng in 
the age of w^hich I am speaking. Not that it appears hpre for 
the iii*st time ; later leseirrehes have show n that similar 
animals lived amongst the marshy forests of the Carboniferous 
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Not only have magnificent skulls of this creature hoen 
found in the coal-beds near Glasgow and# other places, but 
impressions ^.)f his f<x)tsteps have l>een found, siiiiflar to 
tliose belonging to the Triassic period. Owen s name of 
Labyidiithodon is now geiiemlly identitied with this strange 
(U’eature, in whicli science, art, and commerce, meet very 
strangely together. When Owen obtained the fij*8t of its 
teeth, he found in transverse sections of it tlie labyrinthine 
structure, to his figure of which I have alicady called your 
attention ; very shoi'tly after tliat drawing was published it 
reappeared ifi Manchester, forming the centie of a piinteil 
pocket handkerchief ! 

Even in England tlu^ foot.steps of seveial other reptiles 
apj)ear along with tlioso of tJie Lal)yrintliodon. Some of these 
footsteps look much like tho.se of toi*toises, but whetlier this is 
j-eally the ea.se or no, we are not sure. In some limestone beds 
near Biistol there liave been found the bones of some reptiles 
of jmquestional>ly liigher organisation than Hatrachisns, whilst 
at Elgin, in Hcotland, be.sifies a small li/ard like animal, the 
I’emains of a huge (uocjodilian (ireature l^ave been disinterred 
from beds whicli are now genci’ally admitteil to bo of the 
Triassi(i age. 

However lemarkable the footsteps of our Jh itish reptiles may 
bo, they are insignilieant compared %ith what oetair abvin- 
Tlaiitly in the United State.s. Such footstep^} have l>een found 
tliere in immense numbers, a.n<l of at least twelve species of 
lizards, tortoises, or turtles, and Hatraclujuis. But lieie a.notlier 
type, of footstej) abounds- viz. those of at Jea.st tliirty two 
species of three toed bipeds, believ^ed to be tliose of birds like 
tlie ostrich- - but some which must have been four times as 
large as the living ostrich, and yet of tlie actual lemains of all 
these numerous creutures no fragment has yet been discoveieil 
in the sandstones of Gonnecticut. 

Turning to the Triassic plantSji w^e discover tliat the old 
(Aquiferous sjiecies of the coal-measures are gone, aiid are 
replaced by other forms, such as the genus Vnltzta^ wltiidi is 
tiltogether new. We do, how'ever,lind in tliese Triassic beds some 
represen tative.s of the (Jalamites, or ancient liorseta ils, r\ hich 
are so common in tlie coal measures, but they are feeble rejjt e - 
sentatives of their ancestoi’s. As the.se arutient horsetails 
disappear, their pl.'u^e is taken by the true modern horsetails, 
which w^e lind for the first time in the newer Triassic rocjks of 
the neighbourhood of Stmsburg and elsewlieie. We call this 
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foBsil genus Equisetites, to distingiiish it fi*om the living Equi- 
setums ; but I ha’^e no doubt, both from the organisation of its 
stem ahd the peculiarities of its organs of fructifi^tion, thj.t it 
is a true horsetail, differing chiefly from the living p|kes in the 
large size to which it attains ; instead of the diminutive plant 
we now And in oui* marshes, ifc grew to a height of twenty or 
thirty feet. Interested in the origin of this Ecjuisetites, I made 
a journey to Strasburg to examine the specimens in Professor 
8chimper s well-known Strasburg museum. I wanted to see if 
I could detect anything in the Triassic Calamites, found in that 
district, that would show a transition from the Calamitian type 
of the coal-measures to this llquisetaceous type ; but I could not 
And the least indication of transition from the one to the other. 
The characteristics of each of these two appeared to me per- 
fectly deAiiite, and not in the least to merge into each other. 
Whether any transitional form ever will be discovered, uniting^ 
the ancient to the modem forms, remains to be seen ; but at 
present geology reveals no such tnmsition. The old race, wlych 
wo found to be most abundant and* widely prevalent through 
the age of <Joal, as w^lj^as through the Devoniiin period, now dies 
out under the iufluencje of agencies unfavourable to its continued 
life, and a new one takes its place, coming we know not how or 
wheiK'e. 

We further And in rthese Triassic beds traces of a group 
of semi-ti'opitjal j)lants called Cycadeie, whicdi do not occur iif^ 
these temj)erate regions, but which abound just outside the 
tropical zones of both the Old and Now Worlds, wliere the tree-, 
ferns, iiidia rubber plants, and pep|)er-trees flourish. Recent 
investigations have made it more than probable that some of 
these plants flouiished in the Carboniferous age. ^ , 

But I must now ci*oss another of the boundary lines which 
separate one age from another. We ptiss from the Triassic to 
the Oolitic strata. At this point of tmnsition we meet with 
some new phenomena. In the Arst place, there have been 
found in two or three pirts of Europe — including our o\^^n 
country — some fossil teeth of a true mammalian quadruped, » 
and found so near our last boundaiy line, that opinions have' 
differed as to whether tlie fossils belong to the Oolitic rocks 
abpve or to the Triassic rocks bidow. We have hitherto seen 
no representative of this division of the animal kingdom. 
Hence, so far as we now know, this Mici*ole8tes,” as the 
creatuie to which these teeth belonged is called, is the ofdest 
of known mammalia. 
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It is somewhat dangerous to attempt to reason from a few 
solitary teeth as to the nature of the an^al to which they 
may have belonged ; but the probability is that it wtaii either 
a Marsujaarcreatui e, that is a ci-eature somewhat allied to the 
Oppjsums of America and Australia, or if not that, to some 
animal of a closely-allied type. I shall have to refer again to 
the question of Oolitic mammals as we proceed ; I ineiely 
’mention it now because of the position in w^hich these remains 
were found. For some time after the discovery of tliis animal 
it was generally regarded as an Oolitic fossil, but later investi- 
gations indieate that it really belongs to the upj)er paH of the 
Trias ; be that as it may, it constftutes the first known exairij)le 
of that profuse mammalian life that is now so al)undant on the 
earth. 

Before actually crossing our new boundary, I must call yoiii 
^attention to a most extmordinaiy and anomalous state of 
things existing at two localities in South-eastern Eiiiope. I 
have told you that throu^out the world many of the t^ihvo- 
zoic types of life disappeaiw even before the close of the Triassic 
age ; but at Hallstadt and St. Cassian,® the Pahcozoic and 
Mesozoic ages seem to have overlapped 111 a most exceptional 
manner. We have found nothing like it in rocks of this age 
in any other part of the globe. At these sf>ots we find many 
of the Silurian and Carboniferous tyfjes, which we thouglit 
•had disappeared altogether, intermingled with some of the 
most characteristic fossils of the Oolitic strata - a combination 
which is attogether of an exceptional character. 

’.These Oolitic rocks are so designated becrause they contain a 
large number of limestones made up of little rounded granules, 
>^hich resemble the egg^, or what you commonly («.ll the roe, 
of fi;^. So close is this resemblance, that you miglit imagine 
lumps of limestones to be the petrified ova of some fish. We 
now know this is not the case ; these little rounded atoms are 
merely the results of mineral changes which the rocks have 
undergone after their original accumulation ; we can observe 
;iimilar “ Pisolites,” as they are called, forming in “ Tra 
•vertins,” or modem calcareous accumulations precipitated from 
hot springs in seveAl parts of Italy. 

The Oolitic age has been very appropriately designaied ijie 
age of reptiles.” It certainly was a i)eriod in which reptiles 
were the dominant creatures ; and such is often their peculi- 
arity of form that we may say to each, 

** Thou cotBe.st in such a questionable shape. 
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When you examine the extraordinary things represented in 
my diagrams, 1 think you will admit that this Shakespearian 
pt^sagd is strictly applicable to them. Were to describe 
all the forms of animals that occur in this Oolitic age, I 
should detain you longer than our time will admit of my 
doing ; so I must select certain salient ones upon wliich to 
dwell. We still discover remains of the lower form of animal 
life, such* as the sponges, star-fishes, and Encrinites. The’ 
various types of marine shells now multiply in a very rapidly- 
increasing manner, comjjiired with wliat we foimd to be 
the case in the rocks lower down in the geological scale. 
Not only so, but every incfividual specries that w^o discover 
is new, and, in maiiy cases, the large groups of species which 
w^e call centra are e(puilly now. I will give one illustration 
of wdiat I mean. I spoke to you of the Biuchiopoda, those ex- 
traordinaiy shells wliich are so abundant in the Cambrian,^ 
Silurijin, and Carboniferous ages. There are certain of these 
Bnichiopoda represented by two well-known genei'a, wlych 
are the centres around wdiich imliiLy other similar genera 
are gi'ouped ; I mAiji the genus Productus and the genus 
Spirifer. Now thes^ two names represent two vast groups 
of species of shells, which occur in enormous numbers 
in the Paheozoic beds ; but they have all gone out of 
existeiu^e, with the exi'eption of one or two solitary forms 
that have just survived long enough to reach the lias^ 
of this Oolitic age where they finally di.Siippear. Ascend- 
ing to tlie higher mollusc^a, we cjome to a very femarkable 
change in the (>|)posite direction. I spoke to you the other 
day of the existence of (kittle -fishes in the ancient age,* and 
pointed out that even in the Cambrian and Silurian^ becjs v e 
liad shells that uncpiestionably belonged to that group of 
molluscs. There is living in the sea at the present day, 
esjx=^cially in the seas of the Malay Archipelago, a well known 
shell, designated the Nautilus. This Nautilus has a spiral 
shell, wdth numerous transverse partitions dmding its interior 
into a series of chambers, wdiilat Mie animal constructing 
shell resides in a large terminal chamber. This means thatP 
originally there w^{i»s but one chamber, in which the very young 
myllusc lived, but as the animal grew it enlarged its shell to 
make room for its growling body. If you look at the outline 
of the soft fuiimal you will see that he has a rounded base, 
and that for It to have dwelt in the open mouth of a tapering 
cavity, whei'e there was nothing to prevent his l>eing incon 
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veniently j)ressed backwards into the naiTowing portion of a 
spiral cone, must have been far from comfortable. should 
bejn a similar position if required to sit in a large chair, the 
seat of which was made like an inveiied extiugui slier. But 



Fift. Ti— Oia^'ram of a Cuttle4ifih contn^ning a Uelpiimito. (a) ClianilM-mi shell ul 
Phragiuaooue ol the lieleiuiiiU', {Oj Soli«l extremity of the Belt iiiuile. 


the Nautilus escapes from this uncomfortalile jw.sition by siiut- 
ting off behind it such portions of the shell tis are too nanow 
foi^its body ; it effects this by constructing a tranwer.se partition 
of shell, the concfivity of which fits accumtely to the outline of 
the posterior part of its body. In whelks and periwinkles no 
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ambngement is needed, since, in them, the animal always corre- 
sponds i{L length and form to the entire cavity of its shell. The 
animal which makei itself comfortable in the way described is 
merely a modified Cuttle-fish. There are two great groups of 
these creatures, both of which are represented in a fossil state 
— viz. those whose shells enclosed their bodies, as in the Nautilus 
— and those whose bodies enclosed the shell, as in most of the 
Cuttle-fishes. Both these types jibound in the Oolitic rocks. 
In a few cases the entire Cuttle fish, with its contained cham- 
bered shell, is perfecitly preserved. You will remember we believe 
this to have been the position of the gigantic OrtThocene, met 
with in the rocks belonging to the Carboniferous and Silurian 
ages. That gigantic Cuttle fishes formerly existed is probable 
enough, sinc^ a huge one has been discovered on three or four 
cKJcasions living in the Atlantic, of which the body and arms 
together are more than thirty feet in length. 

The study of these Cephalopods, as the entire group of 
Nautili and Cuttle-fishes is called, a^*prds an interesting illus- 
tration of the progrei^s of life on the globe. In the Cambrian 
and Silurian ages we^liad true Nautili and Cuttle-fishes, and 
in the Carboniferous age wo again find similar objects ; 
but associated with the former we now find a new naiitiloid 
shell, called Goniatites, to be very abundant. There is a bed 
of ironstone, called Gani.ster ruiming through our Yorkshire and 
[jancjishire uplands, which is full of these Goniatites ; this genus 
is essentially characteristic of the Carboniferous agp. * When 
we come to the Triassic age we find that the Goniatites are gone, 
and are now represented by another genus, the Cemtites. On 
crossing the boundary separating the Trias from the ^Oolites,’ 
we find that the Ceratite has disjippeaied in its turn, but w6 
find in vast numbers, associated with true Nautili, creatures 
known by the name of Ammonites. These Ammonites are 
spii^l shells, like the Nautilus, with this difference, that while 
the divisions between the chambers in the Nautilus are simply 
concavo-convex, in the Ajnmonites their surfaces undulate 
in an extmordinary manner ; so that their margins, as seen 
on the surface of the fossils, look more like the foliage of 
a tree than anything connected with molluscan life. These 
Ammonites accompany us all through the Oolitic period ; from 
the Liassic rocks up to the top of the Chalk which surmounts 
the Oolitic pit# of stra ta, they are extremely common, but they 
are confined to the rocks of the Oolitic and Cretaceous ages. 
Associated with these Ammonites throughout the same periods 
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we find true Cuttle-fishes, and also curious fossils, which have 
long been known to the provincial mind as thunderbolts.” In 
sh^jpe they remind us somewhat of Sir Jos. Whitworth’if pointed 
shot and shell. Formerly it was the popular l)elief that every 
flash of lightning was accompanied by the fall of a ‘‘ thunder- 
bolt ; ” and the ignorjxnt multitude identified these oblong 
fossils with the supposed electric product. They are, how^- 
ever, merely chambered shells, somewhat like the Palieozoic 
Orthoceras, but in which the chambered j)ortion occupies only 
the upper and inner part, whilst the lower part is weighted by 
a solid, investing, semi-crystalline mass. 

In the Cretaceous period other Nautiloid forms knovrn as 
Hamites, Ceratites, <£c., abound — forms only found in the 
Oetaceous strata — but on entering the Tertiary age all these 
Oolitic and Cretaceous types pass away leaving only forms of 
Nautili and Cuttle fishes, similar to those which still flourish 
in our existing seas. 

• Leaving these mollusct^md advancing to a higher stage, we 
come to fishe.s and reptiJ^S, and here it is that tlie marvels of 
the Oolitic age l)egin to present theu^filves. The fj.shes are 
still confined to the two groups, .the G avoids of Ag{is.siz and 
that containing the sharks and rays, but in many of the 
Oanoids we now find, for the first time, the posterior extremity 
of the vertebral column terminating gm the centre of the tail. 
(See Fig. 9.) 

It would be vain to attempt to dwell upon a tenth pirt of 
the reptilian forms that charficterise this ago ; I caui only 
.<el.ect a few of them. The seas in which these re{)tile8 lived 
were probably tropicjal, since, in many parts of the range of 
^iUs extending from tjie coast near Scarborough to the banks 
of the Severn, we find the lime.stones abounding in corals of the 
tropical type and not unfrequently existing in the form of true 
coral-reefs. One of the strangest of the reptiles is the T<?hthyo- 
saimis ; a formidable creature of great size and j)Ower, aquatic 
^ its habits. When I tell you that he was often from 20 to .30 
feet long, that I have seen the teeth three inches in length, and 
that his immense head is furnished with long rows of them, you 
will jidmit that he is not exactly the kind of creature one would 
like to encounter when bathing. Associated with this gigjyitic 
fellow, was the gentler and more graceful animal called the 
PJpsiosaurus, He lived in the same seas, and was, like the 
Ichthyosaurus, an aquatic animal ; both of tli^m were carni- 
vorous ; of that there is no doubt, because in some of the 
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specimens, we have actually found in the place where the 
%toi^ach ought to have been, the remains of their last meal, 
and can^thus identify the fishes upon which they fed. Leaving 
these great Ichthyosaurian reptiles, I come to another huge 
creature known by the name of Megalosjiurus. This was a 
gigantic land reptile, constructed somewhat like a kfingaroo, 
with the hind limbs prodigiously large in proportion to tlie 
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fore ones ; whether these gigantic hind limbs were made 
for leaping or for running we do not know. Another saurian 
is ^lled the Cetiosaurus, meiining the whale-like saurian, 
of which a fine series of bones is preseiwed in the Oxford 
Museum. This creature was evidently built in the heavy 
type of the whale ; at the same time there is no doubt he was 
a true reptilian animal. In the Museum at Whitby you will 
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find the remains of several other saurians, including those of 
a Teleosaui'us or crocodile, with a long and narrow h^d and 
snoijt. It s% happens that this creature lias left a very near 
relation in the world. Those "who have visited India and 
dipped into the Ganges may know something of the Indian 
crocodile, know^n by the name of the Gavial, whicli is extremel}' 
like the Telebsaiirus ; the latter was doubtless an amphibious 
creature, equally prepared to take a meal on land or in water, 
wherever he could best catch one. Still more marvxdlous is 
the Pterodactyle, a huge flying reptile whose name merely 
means that fiis digits supported ^ings ; and there is no ques 
tion that this creature was a rml flying dragon ; prolia-bly thf' 
only real fl\ung dragon the %vorld ever saw, since those of ancient 
fables certainly have no existence. When this fellow’s wings 
were outspread they sometimes measured fifteen feet from tip to 
►tip. I tliink you will say that the Hoc was not more likely to 
alarm poor Sinbad the Sailor than one of these Pterodactyl es 
wotild have done had it^vept past him into the valley of 
diamonds. When, we colne to the Weald%u beds, which are a 
local grf)up iiTfermediate between the (%>liti<t and ( betaceous 
series, Ave find these Pterodactyles associated with anotliev 
wonderful group discovered by my old friend, tlie late Dr. 
Mantell, the well kiiowui Sussex geolt^ist. The.se new forms 
^•one.spond with the Iguana, a la-rge lizard found at tin* 
jaesent day in the West Indies. Here again gigantic siz(‘ 
characteri.^^d our olqects. I remember Mantell showing me, 
'>in* his collection, a thigh-bone of one of these lizards, wdiieh 
vy;ls four Jei't eight indies long, and of proportionate tliickiiess, 
in jts imperfect state. Now realise Avhat that moans — a 
i^isai^l wu’th a thigh-hon<^ four feet eight indies long. If you 
oxainine the thigh-bone of any living crocodile, you will find it 
le.ss than a foot in length. From this comparison you will he 
able to e.stimate the projKurtions of these ancient monsters. 1 
have in my own cabinet a fragment of one of the.se thigli liones. 
t}» dimensions of A\diich when entire must haA^o been oven 
^‘eater than those I have named. Homemhering the above facets, 
I think you will acknowledge the perfect appropriateness of the 
declaration that the Oolitic and Cretaceous rocks hehirig to 
‘‘The Keptilian Age.” But Ave have not yet done Avith t^te 
animals of this period. A,t Solenhofen, in Bavaria, whence 
Ave ^ijet our lithographic stones, the skeleton of a bird has 
lately been found. The notable feature of this bird is seen in 
his tail, which was long, slender, and tapering, reminding 
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us of the tail of a lizard. If you examine living birds you 
will find that, in every case, the bony members of their 
tails are not only short and compact, but aN their 'tail- 
feathers are attached to the veiy last joint of the tail, 
which is enlarged to allow of their being planted ujwn 
it. I repeat that in all living birds the entire series of the 
tail-feathlsrs is attached solely to the last joint of the tail and 
to no other ; but when we examine this veiy remarkable 
fossil bird we find not only a long tail, but each of its bones 
has one pair of feathers attached to it and no Fiore. There 
are twenty pairs of tme feathers. Huch is the earliest form 
in which indisputable remains of birds present themselves 
to our notice. I may remind you here that no fragments of 
the skel(*tons of the supposed birds which produced the 
Tiiassic footsteps of the (bnnecticut Valley have yet been dis 
covered. Strangely enough, out of the enormous number of 
these creatures that must have existed, not one solitary 
fragment of bone, feather, or tooN has been found to give a 
clue to the nature <J)f the animals tfiat ti/.-sa left their foot- 
prints on the sands. ^ If these were birds, of course the one 
nfiw under our notice came very late into the world ; if they 
were not birds, but two-legged reptiles, as some geologists 
believe — then this Arc]j^jeopterix is the oldest bird with which 
we are acquainted. 

J have yet to say a word about the flora of the Oolitic 
age, which consists either of the (Wifers, plants of the pine 
tribe, or of the r(‘inarkable allied group known as Cycads,,’t^) 
which I have already called your attention. Through* th-e 
Oolitic ago w’e find no trace whatever of the modem types of 
forest trees ; not one solitary leaf, fruit, seed, or fraginent 
of wood of any kind has been obtained that indictites the 
presence of any other tyj)e of arborescent plant than the firs or 
pines, and these remarkable Cycads. There is no doubt whatever 
that the characteristic veget^^tion of this age was (^ycadean. 

I have already mentioned the discover}’' of a few teeth of a 
true mamma near the junction of the Triassic and Oolitio 
rocks. We meet wuth other mammalian remains in the Stones- 
tield slate athinbedbelongingto themiddleof the Oolitic series. 
These latter also an* either Marsupial, like the Opossums, or 
Insectivorous, and allied to the Hedgehogs. A third group of 
these fos-sils has been found at the upper part of the OolilSis in 
what are called the Purbeck beds. iSiese too are chiefly either 
Marsupial or Insectivorous — but amongst them are some other 



THE SUCCESSION OF LIFE ON THE EAUTII. 81 

bones that may possibly beloi% to other classes of mammals, 
and which require fuither investigJition. 

But our tune is slipping away, and we must now cross 
another boundary line and come to the Chalk. The Cretaceous 
beds ai*e sometimes made up of sands and sometimes of chalk 
itself ; the latter reveals to us a remarkable fa(?t which the 
gi*eat German microscopist, Ehrenberg, was the first to find 



Fig. 8.— Part of a Pinnated Cycadoan loaf. 


out. If you take a fragment of soft chalk from a Cambridge 
quarry, you can easily biaish it away in water until you resolve 
it into white mud. Put a little of this mud under the micrc> 
scope, and you will discover that it is literally made up of the 
little objects known as Fouiminifera. 

We*have here evidence of the truth of what I told you the 

G 
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other day, viz., that some limei^ones, at all events, were not 
the products of any chemical action operating in the sea, but 
resulted from the agency of living creatures. As | have already 
stilted, I am perfectly satisfied that the same remark can be 
made in reference to every limestone rock in existence, ex- 
cepting those few fresh water Tmvertins about which I 
spoke an hour ago, and which are too insignificant in their 
amodnt to be taken into consideration when explaining the 
origin of limestone rocks. The Foramiiiifem which constitute 
chalk are very nearly related to the species filling up the bed 
of the Atlantic, and other seas in nuiny pai*tg? of the globe, 
at the present day. Along with these Foraminifera, we now 
find an enormous number of organisms of various kinds 
whicdi we have not met with pi‘eviously. Thus during the Chalk 
age, sponges were at least more numerous and varied than at 
any previous period. At all events the numl)er both of types 
and of individuals occurring in the Cretaceous strata many 
times exceeds what we find in any other part of the geological 
series. We also npw find new foriha* of star -fishes, as well as 
of the tribe of sea-mjcdiins so common on nl/iLe parts of our 
sea coast ; but many of these new fossils present forms charac- 
teristic of tlie Chalk age and not foimd in any other rocks Turn- 
ing to the Encrimites we again find a change. Most of the old 
ty|)es have gone, and now represented by the extraordinary 
creature known as the Marsupite, from rnarsupiu/n^ a purse.. 
This is simply an Encrinite without a footstalk. He had no 
footstalk, at leiist when grown up, though what he may haye 
had in his babyhood I do not know. Star-fishes ai’e living in 
the Frith of Clyde, which, in their infantile days, ar^J^siipported 
upon a footstalk, but when they grow larger tltOy de+eoh 
themselves from it and float free. These Marsiipites may have 
done the same. At all events the genus is very characteristic 
of tlie Cretaceous rocks. We still find remains of the Ptero- 
dactyle, the Mososaiirus and the Ichthyosaurus. The Plesiosaurus 
is no longer there, but it is represented by the Pleiosaunis 
which much resembles it ; these peculiar reptiles survived., in 
diminished numbers, but as we leave the Cretaceous age 
they pass out of existence, to be replaced, as we shall see 
iti our next lectuie, by the modern types of lizards and 
crocodiles. 

I have already spoken of the multiplication in the Creta- 
ceous deposits of forms of shells allied to the Ammonite, and of 
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In tiie <:ist lecture I stated that the ineiin specific ^^ravitv 
of the earih was r> (j. 1 also said that wo are at a loss in 
jS^rue measure to account for this, because we do not find, 
so i^ir as we have gone down into the earth, that w^e come 
acjrosS any of these mebils ; but we find only substaiu^*s 
>ike granite, which have a specific gravity of only 2*5 or 5, 
Wliether or not some of these heavy metals ocinir in the 
interior of the earth, at a lower jxwnt than we have y< t 
reached, is, as 1 reminded you in my last lecture, still a 
ifHitter of doubt, although the fact of the circulation of truly 
metallic masses throughout space would rather lead us to 
believe in the probability of the existence of a similar kind of 
matter in the eaiiih’s integer. 

With regard to the elementary bodies, you will obsene 
tliat on this diagram (see Lecture I, page 8) 1 have marked fifteen 
of tfiese elementary substances with a cross. The* e we term 
non-metals, as opposed to the remaini|ig foriy to which 
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we give the name of metals. Some of the^e non metals are 
gaseous, such as oaygen and hydrogen, nitrogen and chlorine ; 
some of Jhein are solid, such as carbon. Some of^tihe gases, 
such as chlorine, can be condensed by great cold, or by exposure 
to great pressure to liquids, whilst others, such as oxygen, 
have not been liquefied although exposed to very gi'eit 
pre <8ure. 

We ma^ now proceed with our investigation, and ask our-' 
selves. Have we reason to believe that in process of time 
some or all of these substances may possibly prove capable of 
being decom])Ose :1 into other substances] Are these sixty-four 
substances truly elementary *lK)dies ] In this case, of course, 
we can only argue from analogy, and from what has already 
taken place. We must look back into the history of our 
science Jiiid impure if any of the substances wliudi were 
supposed, up to a certain time, to be elements, have by sul)- 
sequent research been found to he compound bodies. As an 
illustration of this, I would bring before you a dis<?overy 
which was made in the year 1808 by Sir Humphry Davy. 
In the IJnkervfn le(<ture for that ye:ir, which was read before 
the Koyal Society on^ovemher 19, 1807, Davy brought forwaril 
a most impoHant discovery which he had just made on the 
decomposition aiul composition of the fixed alkalies. This 
white solid substance v^hich I hold in luy hand has long been 
known as tlie alLali potash.' It is olitained from the ashes 
of land -plants by boiling the ashes in pots This substance 
has long been known for its peculiar alkaline properti^'i.’ 
Another alkali, obtained from the ashes of sea plants i.s 
soda. The term alkali was first applied by th^ Arfibia-u*'' 
to the carbonate of soda found in^ the ashes of sea weeil. 
and afterwards to the carbonate of potash, obtained by burn- 
ing hind plants, and both these substances were for a long 
time considered to be identical, whilst the caudle alkalies 
obtained from tlie mild or carbonated alkalies were considered 
by all chemists to be elementary or simple bodie^^ Now in 
the experiment to which I refer, Davy showed that these sfi?»- 
stances, poti^h and soda, which up to that time had been 
8upjK)sed to he elementary bodies, are re illy not so, but are 
compound substance-;, that is, bodie-? which can be split up 
into two separate tilings, namely a metal potassium and 
colourless oxygen gas. I will first read to you a few words 
giving the gist of Davy’s discovery as related by himselt in 
the Philosophical Transactions for 1808. He says ; — 
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A small piece of pure potash, which had been exposed for 
a few seconds to the atmosphere so as ‘to pve conducting 
l>#\ver to*the surface, was placed ujH)n an intul ittKl disc of 
platimi connected with the negative side of the battery, of the 
[)ower of 250 of (i and 4, in a state of intense activity, and a 
])latiiia wire communicating with the positive side was lu’ought 
into contact with the upper surface of the alkali. ^ The whole 
apparatus was in an open atmosphere. I’lider these circum- 
stances a vivid action was soon ob.servod to lake place. The 
]M)tash began tf) fuse at both its j)()int.s of electrization. Tlieie 
was a violei?t effervescence at tlg> upper surface ; at tlie lower 
or negative surface, there was no liberation of elastic fhiid ; 
but small globules having a high metallic histre, and being 
jnecisely similar in visible cbai-acter.s to quicksilver, ajqiearcd, 
some of which burnt with explosion and bright flame, as soon 
as they wore formed, and others remained, and were nier(4y 
tarnislied, and finally c(»vored hya white tihn whicli forn;ed on 
their surfaces. These gloffule.s, numerous experin.ents soon 
shovv(Ml to be the substance I was in seandi of, and a jieculiar 
inrirunmable j)rinci[)lo the basis of |)ota^h. 1 found that the 
jflatina was in no way connected'witli the result, except as the 
ifie(ttum for exhibiting the electne4il jx^wers of de<^om position. 
'|flie phenomenon was also independent of the prescuic.e of air. 
1 found that it tcK)k place when the ftlkali was in the vacuum 
of ai; exhausted receiver.’’ 

1 hojic^ to show you this c^xperiment, performed just a.s 
Daw did it. I take a piece of wJiite alkali, potash, moisten it 
■b^• di}>[)iiig it into water foi- a moment, and lu’ing it under the 
niHuence of a powerful current of electricity, and as soon as 
1 iT(*«so you observe that tlu.s white substance is decomposed 
,iuto its two elementary (•onstituents, oxygen and potassium. 

friicj bright luminosity which you notice is due to the bur ning 
or coml)ustion of the metal potassium which is liberated at 
the pol<» ^ contact with the zinc of the battery. Tlie white 
4^mes wliicli ascend are the products of the coml)iistion of the 
potassium which has united with the oxygen of the air with 
the re formation of pota.sh. 

In order to impress you still more forcibly with this fact, I 
^\ ill throw a small bit of potassium upon water. This body 
trombines with oxygen with such avidity that when I throw 
it 4 )n the water, which you know is a compound of oxygen 
ami hydrogen, the potassium will take hold of the oxygen of 
the water and liberate the hydrogen, and such heat will be 
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formed by tliat liberation of the hydrogen, that we shall see 
that it takes fire aiAl Inims. 

(jfiiickly following n})on Davy’s discovery of the cdmposition 
of potasli cfiine of course the discovery of the composition of 
soda, and s{)on after came the decomposition of lime, whicdi 
Davy also showed was not an olementai'y body, as had 
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hitherto been ])elieved, but in fa.(^t an oxide, being a comj)oiind 
of the metal cjilcimn with oxyg<?n'#^as. 

That hydrogen gas is actually evolvetl by this action of 
potassium, and of so^lium upon w-ater, 1 shall be able to show 
you ; for j will collect the gas in this tube, instead of allow 
ing it to burn, and flien show' you tliat the colourless*' gas 
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thus collected is liydrogen gas. T throw a bit of sodium on 
i/ie w'ater, and bring it under the suiface of the water, so as 
t/O collect the liydrogen gas which is evolved in this tube. 

I c^n next show'^ you that the gas is hydrogen, by bringCng 
a flame into conflict wdth it, when it burns with a jrnle flame, 
wliich is of a yellow tint, owing to the presence of soda. 
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T have here a l)eaTitifui speciiiien of the ir.etal sodium, the 
<uhstaiK*e which is tlie meutilic basis of socfii. Heie again thi.v 
l)#autiful!^)right, sluiiiiig metal which we know as inaguosiiiiii 
is the metal li(! Ijasis of the eaitli iwaigTiesia., for this earth can 
dso be split up into a metal and into oxygen gas. When 1 
luirnthis m eta-1 you see that wo get a brigld while light which 
is due to the combustion of the magnesium and its (-(mibination 
^vith the oxygen gas of the air# The white povvaler which you 
^ee falling down is the oxide of the metal, formed by the union 
i>f the metal with oxygen. 

Since Davy’s time several otl^er substances su]>})osed to he 
denieutary have been proved to Ire compounds. These have 
l>een chieHy among the rarer elementary bodies, i liave liere 
the means of explaining one of these interesting cases. This 
[•ube we will suppose for the moment to Ire a metal to which 
the name of “ vanadium ” is given. It was Irelieved that t iiis 
l»ody was really a nietal ; but a few yejirs ago it was found 
that two dillerent things ffruld he obtained from this, viz., a 
true metal and oxygen gas ; so tliat the sulrstance which ^^as 
considered to he an element really proved to he a comjround. 
^ith oxygen inside it, as it were. 1 ma|r illustrate this to you 
fry Taking out from tJie inside of this green box of s\i]>posed 
mi'tal. this red box labelled oxygen, wliicli liad hitherto escajitMl 
our observation becjuise it w^as hiddl^n inside the gre(‘n br>x. 
Her® you see a. list of four substances,® titanium, uranimn. 
niol)iuiii,(, and vanadium, all rare bodies which were belit^vtal 
by the discoveiei’s to be metals, but which liave since lasm 
slfown to.lre compound Irodies. 
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[ Niuiiri M. 

VANAOn M. 

Wollaston ... 
WoliU-r 1849 

Klaproth ... 1789 
Peligot 1849 

llatchett ... 1801 
IU*w. ... 1842-C4 

Maii>?na<; ... IStif) 

Hofstioin ami 
lltM/clius ... JS'M 
Roscor i8r,7 


Then the cpiestion arises — Jxroking hack at tlie history 
of our science, as we have been doing, is it possible that 
any of the substances which we now speak of as elements, 
may hereafter turn out to be compounds 1 With regard ‘*to 
this, our conclusions must be conjectural, hut we may remember 
tUi\t certain of these elementary bodies }K)S.sess common or 
analogous properties — certain family likenesses. 1 will 
select one out of many exiunples of elcmemtai-y groups with 
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which we are acquainted. We have here three elementary 
bodies : one of thfern, chlorine, is a gas ; another^ broiiiiiie, 
is a liquid ; and the third, iodine, is this black solid body. 
The bromine and iodine can be converted by heat into 
gases, each of which is distinguished by its peculiar colour. 
Here you see the beautiful purple colour of iodine gas, 
here the dark i eddish-brown colour of bromine gas, com-« 
pared witli a betiutiful greenish yellow colour of chlorine. 
These substances, as I said, resemble one another very closely 
in their properties. I will next show you that this is the 
ciiBe. I will take a small qui^ntity of iodine, a small quantity 
of bromine, and a cylinder filled with chlorine, and 1 will 
bring into contact with each of these substaiujes a small piece 
of the element phosphorus. You will then see that each of 
these substances exhibits the same properties with regard to 
the phosphorus with which each of the three elements com- 
bines with evolution of light and hetit. This indicates, so for 
as phosphorus is concerned, that %ese thiee substances have 
similar properties. The phosphorus, you see, takes tire and is 
burning in the chlorilie gas. The same thing will take place 
when 1 bring a di’op t»i* two of bromine into contact with tlh^ 
j>ho8phorus. You see that the phosphorus has taken fil e* al^^l 
is burning. I will now show you that the same result occurs 
with the phosphorus and* the iodine. 

In other respects, too, these three bodies exhibit remark- 
able and as yet unexplained analogies. Bromine, b^^th in its 
chemical and pliysical diameters, stands half way between 
chlorine and iodine. In its volatility, in its specific giuvity, ''as* 
well as in its power of chemical union, bromine is a sort or 
half-way house between the other twa In like mann<?A>^he 
number representing the weight with whidi bromine enters • 
into chemical combination is almost exactly the mean between 
the similar numbers of chlorine and iodine. Thus wliilst 35*0 
and 127 are the combining weights of chlorine aijd iodine 
respectively, 80 is the combining weight of bromine, th^- 
arithmetic mean of the two other numbers being 81. 

Now, up to the present time this solid iodine, this liquid 
bromine, and this gaseous chlorine ai*e elementary substances, 
because w^e liave never succeeded in getting the one from the 
other, or in splitting any one of these into two dif'erent 
things. We have as yet not succeeded in turning iodine asad 
chlorine into bromine. But no one who is acquainted with 
the properties of these substances would be surprised to learn 
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that bromine had been shown to be in some way connected 
with chlorine and with iodine ; and therefore althongh we 
caiij^ot proi^ it, yet from studying their piojierties and know - 
ing the nature of the several elements, modern chemists do 
not consider the pioblem of the tmnsmubition of the elements 
to be an absurd one, although we may look to a dif’erent kirxl 
of solution of the question from that aimed at the old 
alchemists. 

The next question which attracts our attention is also one 
of great interest — the question, namely, whether these sixty- 
four elementifty bodies make up tjie sum total of the elemen- 
tary constituents of our globe, or whether, in all probability 
theie aie other elements existing which have uj) to tlie 
present time eluded our griisp, Heie, again, we (^an only 
aigue from analogy. W"e can only hx)k hack at the histoi’v of 
•,our subject and see whether new elen entary bodies hav(' 
been discovered, and then ask ourselves is it likely that othei* 
ne\^ ones still remain mikillDwn to us, but -winch will he 
revealed by subsequent investigation 1 

I mentioned in tlie last lecture that diA’ing the lifetime (»f 
L}i*^oisier only seventeen substiinces. w'eie|known to exist as 
^dewiemtary bodies ; whilst since his time discoveries of new' 
elementary bodies have been made until the number known 
to us is sixty-four. 

Jn wdiat way have these new elementai^^ bodies been dis- 
coveietl, and in what way may we look forward to the 
discovery ()i‘ new sul>stances now unknown if I will illustrate 
this# to you by one or two simple experiments, and thus indi- 
'vvte to you how in the last few years new elements have been 
fouiui^^ 

In the year 18G0 Professor Bunsen, one of the greatest of. 
living chemists, w^as l)usy investigating the properties of a 
peculiar mineral water which springs out at Baden-Baden in 
(lennany, and having collected a large quantity of the residue 
from this water, he discovered in it the existence of two new* 
al'^aline metals, which up to tliat time hiul been overlooked. 
These two new alkaline metals were discovered by Bunsen by 
the help of a new method of investigation, a method which I 
dale say many of you are acquainted with, but the principle.^*^ 
of w^hich I will biiefly allude to — the method of spectrun 
analysis. 

it has been long known that when certain substances aie 
brought into a colourless flame, such as you see heie, they 
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]iavo the j>ower of imparting to the flame a ].>eculiar colour ; 
hut it lias oiil>% recently been observed tliat when tlie^e 
coloiire^l 1 ‘ays are examined moie ac^cairately tliafl we ca^i do 
simply by tlie naked eye, when this beautiful purjile flame 
wJii(di you see buriiin<.^ heie is examined by means of a 
prism in the instnnmmt termed the spectroscojie, one of wliicli 
you see on tJie ta]de(Fig. 10), we have the moans of detecting 
t lie prestfnce of small cjuantitjes of matt/er which have hither to 
alto^^ether eluded our jxrasp. 

'riiis spectroscope (ronsists of a prism (</. Fig. 10) fixed upon 
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a fiiMu iron stand, and a tube {h) carrying the slit^ seen on an 
t iilarged scale in Fig. 10 (#/), through which the rays i^uru 
the coloured flame {e and e) fall uj)on the prism being leii- ‘ 
dered parallel by passing through a lens. The light having 
jwissed through th ? iirisin, and having been refi acded or split up 
“'into its constituents, the diffeiently coloured rjiys are received 
by the telescojie (f) and the iiiuige magnified befoie reaching 
the eye. The rays from each flame are made to pass inW> the 
telescoyie (/*), one set through the uncovered half of the slit, 
the other liy reflection from the sides of the small prism (r). 




WHAT THE EARTH IS COMPOSED OF. 


27 


tliroTigli the lower half ; thus bringinj; tlie two spectra into 
the field of view at once, so as to be able to*inake any wished- 
for«c;ompartfeoii of tlie lines. 

In this way Biinson was enabled to prove that in tlie losidiK' 
fiom the alkaline deposits in the waters of Baden Haden there 
was j)iesent a substance not hitherto observed, and to this 
4 ;ubstan<!e lie ^.^ave the name of rubidium, from ru^nthts, dark 
red, whilst to the other alkalyie metal he ^mve flie name 
(^lesiiim, from eadna, sky c‘oloui*. 1 wdll next show you tlie 
spectra of these metals on the scioim. I have; here the means 
of producing the bright light of tjie electric arc (Fig. 11), and 
by casting tliese rays first through the slit B, then through 
the lens n. and lastly through the two prisms K and k', we 



glitain on the screen the beautiful bright band, which you see 
exhibits all the lays of colour fixun red to violet, and is 
therefore called a continuous sjiectruin. 

This is i^roduced by white-hot carbon poles, and any white 
lii)j3 solid body will produce the same effect. If, however, 
instead of allowing the light to protx^d from the carbon jKiles, 
1 examine the rays which come off from the purple col oui ed 
rubidium flame which is here burning, I obtain a totally dif- 
ferent effect in the spectrum, for J produce what is known fis a 
broken spectrum ; that is to sjiy, instead of having an unbroken 
Kucoession of colours, 1 have a series of bright lines which are 
different for eveiw one of the sixty-four elementary bo<lies* 
The bright bands which w^ere observed by Bun.sen in the 
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Baden-Baden mineral water were different from any which 
Imd hitherto been* noticed, and were produced by the presence 
of a ne\y element. 

1 will now bring on to the carbon pole a small quantity of 



Fig. 11. 


a rubidium salt, and you will then see the effect wliich this is 
ca{)able of producing. You will notice that we have a spec 
trum totally different from that which we have had before 
Here we get a distinct series of bands, one in the red being 
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very characteristic, and these are indicative of the presence of 
rubidium, and are produced by no other kno^n substance. 

year after Bunsen's discovery, Mr. Crookes was #al)le to 
prove, by means of sjiectrum analysis, the existence of a thinl 
substance, to which he gave the name of thallium. 1 can 
now show you the grounds which led Mr. Crookes to assert 
Ijie existence of a new metal, w^hich had hitherto been over 
looked. You see on tlie screen green band, whicli is given 
by no other substance but thallium. 

A fourth metal was discovered by the same means, a metal 
to which the* name of indium \yis given, because it exhibit s 
two very beautiful lines in the indigo. Here you see tlie 
blight lines characteristic of this metal, an extremely rare 
substance, discovered by Messrs. Rehdi and K-icditer. No 
other substance known will produce the.se peculiar bands of 
•indigo coloured light. 

A fifth new element has quite recently lieen discovered by 
me^ns of si)ectrum analysis To tliis l)ody its discoverer, 
M. Lecoq de Boisbaudran, has given tlie name of gallium. 
Unfortunately this substance has hithert^i^been found in svnii 
miiiute quantities, that 1 liave none to sIkk^' you. 

♦hfTfli what 1 have said you will conclude this instrument , 
the spectroscope, has become one of tlie chemist's most jiottuit 
assistants, and that we have only to goirm examining by its n, id 
the cqpiposition of teri-estrial matter with ^till giealer care, 
and apjdy the exfimination means of still gieater accuracy 
tlKiii w'e have hitherto done, in oixler to dis(x>ver a still larger 
number of elements, and thus to add to tlie stone.s of wiiicdi 
tire edifice of our science is constructed. 

TW^^uestion next ari.ses— Have we any evidence resjieoting 
tjie chemical composition of the other heavenly bodies 1 The 
most evident means which we have of examining the coiiipo 
sition of matter existing in space beyond our earth, is liy 
analysing ^hose singular and interesting hodie.-i wliich fall from 
tj^e to time on the earth’s surface, namely, the meteorites, 
or falling stars, as they are commonly termed. 1 have in 
my hand such a meteoric mass. This piece of stone dillers 
both in appearance and physical characteristics from ordinary 
rock, such as the earth is composed of. If we cut into the-i^* 
meteorites we find tliat they are made up either of masses of 
bright shining metal, chiefly metallic iron, or of stony matter 
interspersed with little nodules, or spots of metal. But 
although their physical characteristics are totally dilferent 
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from those which belong to tonestrial matter, yet, when we 
f;ome to examima tlieir chemical characteristics, we find that 
these ap altogether the same as the chemical chamcteristics of 
teiTestrial matter, in other words, when we come to analyse 
those meteorites, we find that they really consist of the same 
elementary bodies as we find compose the mass of the sc^lid 
earth’s crust, and up to the present time, no new elementaiT 
body has-been found on any oim of these meteoiites. 
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Here we have? a list of tlie constituents of some of the best 
known inete(»rites ; you see that they contain iron, nickel, 
cobalt, copper, tin, manganese, magnesium, sulphur, phos- 
phorus. and carbon. These are all substances '"’which wc 
know of as building up the solid mass of the eaith, and tfe, 
theiefoie, coire to the conclusion that the paiticiilar kinds of 
matter which w^e know' to exist on our earth, are also found 
bi the iiKisses which circulate in space luid fall dowui upon the 
eartli, so that the materials of which the universe is built 
up, so far as our evidence leaches, would appear to be homoge- 
neous, and not dilTerent in each different heavenly body. !Nor 
is it indeed impossible that the earth’s interior mass may even 
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t Ijc'ir final dLsappearance, along witli the Heleniiiito, at tin's 
epoch. 

But there gve other remarkable vertebrate creatures yet re- 
fpiinng our attention. Two diagrams befoi’o you represent the 
lower jaws of two species of bird that have la^en discovered in 
, the western regions of North America, by Profes.soi’ Alarsh, one 
of the tir.st naturalist.s of America, who has foundf at least, 
thirteen s])ecies of fossil birds in the rocks of ths ( \i*etaceous 
age. Home of those were met with on the Atlantic coast, and 
otliers in the far district of (\>lora(h»: the fenture th.at is so 
iema,rkal)le jfl>out some of then^ is that their lieaks jire 
. fni’iiished witli row.s of teeth as legular ami definite as are 
those of any reptiles, Thi.s is a marvellous and nnexpecterl 
fact. W'e have no bird Avith teeth at the present day. 
Anatomists of the evolutionist school naturally I’ofer to the.se 
^i)*d.s a.s indicating a transition state between reptilian forms 
and modern types of bird organisation, and it is nn((iies- 
tion^bly true tliat they have veiy strong reasons for arriving 
at tins conciusi on. I j' is ^qnestionahle th^t those ohjects are 
true teeth, eiicWfmving a fang at its base,%’.nd having the upper 
.])art of ejich tooth covered with true'enauud. 'liien the teeth 
are .sometimes jdaiited in a row of distimd sockets, whilst in 
otliers they are fixed in a groove, which sliows a gradiud 
a])])roxima,tion tovA'ards the development of sockets. Teeth 
Bko these mirst haA^e belong(*d to carnivorous cr(*:itnres. The 
two birds to Avliicli 1 am refeiring were both aipifitic. One of 
tieiji was a1)out the si/e of a pigeon ; lint tlie other Avas ii 
large ijiver, niojisuring about .six feet from tlu^ tip of the lieak 
to tiu^ end of tJie toes. It Avas a poAverful bii'd, but, like tlie living 
Avas unable to llyk Its wings weremendy rudimentary 
ones, d'he supposition that tliis bird represents a form inter- 
mediate between the bird and tlie reptile, is further sustained 
hy the circumstance, that, at the extremity of the upper jaAv of 
this specie.s, there were no teeth, but the jaAv appears to have 
tern^nated in a horny beak. So that you have here combined 
the. reptilian tooth with the beak of an ordinary bird ; ac- 
cdFding to the evolutionists, as time went on, the beak grew 
bigger and the teeth grew less, until the latter linally dis- 
appeared. Thus there was handed down to future ages thtf 
race of feathered descendants which we see around us at the 
pre-ser^ day. 

An extraordinary change cjime over the vegetation of the 

G 2 
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world during the Cretaceous age ; a change which not only 
affected the planta themselves, but the results of which i*eveal 
some remarkable phenomena connected with the distribution 
of heat and cold over the earth. In both tfie lowe/ and 
upper pai*ts of this C-retaceous series, we now find, for the 
first time, the representatives of living plants belonging 
to the tJowering tribes comprehended under the name of 
Dicotyledons, and many of which are closely related to 
trees now flourishing in the forests of the world. We now 
come uj)on species of fig-tree, oak, beech, poplar, myi*tle, 
willow, and magnolia, alon" with pines, ferns, * and a host of 
other allied plants. The oldest of these Dicotyledonous 
plants with wliich we are acquainted is a species of poplar. 
Wo have seen that up to the commencement of the Cre- 
taceous epoch, the only known plants have been pines, Cycads, 
and the various forms of cryptogamie vegetation ; but 
recent discoveries have brought to light such a multitude 
of the higher forms of vegetation, from various parts of 
the world, that n^y two friends, ^P**ofe8sor Heer, of Zurich, 
and Professor Lesqvoi'eux, of Columlnis, ohU ^^d States, who 
are investigating these plants, run a fair risk of being over- 
whelmed by the multitude of specimens accumulating in their 
hands. 

The climatal featun.s to which I referred are quite as remark- 
able as tlie rapidity with which these new forms of vegetation 
multiplied and spread over the earth. Many of the specimens 
of this new vegetation have been brought to us from Cieenlan}!, 
a country which is now covered with ice, and where not "a 
stick or leaf of a li ving tree will now grow ; where, in fact*, there 
is no vegetative life excepting the herbaceous plants Vhatj spring 
up during the brief summer. And yet in the age of which I 
am speaking, Greenland possessed mjigniticent forests, similar 
in many respects to those which now* floui'ish in the w’^arm 
Southern States of North America. 

If you hunt through the forests of England and of midhind 
Europe, you discover no species of magnolia or myrtle, fig-tree 
or Cycad, Tree fem or Oleiinder, yet all these flourished in 
the ancient forests of Greenland. Some stupendous changes 
liave evidently been w*rought in the world since those days. 
It is very clear that the distribution of snow and ice was 
very different then fi'om what it is now. Whether the earth's 
axis has got a twust, or vrhether in those days the globe w^as 
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whirling through some waimer parts of space tlian now 
siiiTounds us, is not easy to deteiiiiine. The probabilities are 
agaipst the i|}ea of any change in the poles of the earth ; but 
something strange must have occuri*ed since the time wluui 
not only forests of magiiiJicent ti*ees oversprejid iluit Green- 
land continent, but when tropical genera, of ferns, such as 
the Gleichenia% flourished as an undergrowth in ovwi greater 
numbers than is the case with these ferns in tro[)ical forests 
at the present day. 
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LECTURE III. 

The physical and vital agencies which rnodifiefl the crust of 
tlio oartli ajid its inhabitants through the long periods which 
occupied our {ittcntion in my first two Lectures, did not cease 
their action at tlio close of the Cretaceous age. They are 
producing similar effects now to those which they caused in 
the l)eginningof time, and probably with undiminished energy .1 
]hit for a long p(‘riod the elTect produced by those agencies, 
subscKpiently to the ( ‘retaceous ag(^ were vei*y ill understood. 
Until the early paii of the present c;rVit”^y,^what we now call 
tlio Tertiary rocks v^re almost altogether rie^icted. Baron 
(/Uvier omi of the greatest of European naturalists — fii’st 
showcal tlio world that the Tertiary dtiposits in the neighliour- 
hood of Paris contained the remains of strange and extinct 
animals. IMiis discovery opened the eyes of geologists to the 
fact that there existed a series of superficia.l deposits, which 
eminently merited any amount of labour that^ might be 
bestowed upon them. i 

Th(^ important discoveries of Cuvier made a po werfu l iiii- 
pression on that great geologist whose death we hadjso'lately 
to <lt*plore - I mean Sir fliarles LyeK. Lyell undertook-citV 
study of' those neglected Tertiary beds. He endeavoured, and 
wdth a large amount of success, to reduce them to order by 
making Use of the fossil shells wdiich they contain. I may 
observe here tliat in all probability, if we except some Fora- 
minif(n*ous (M*eatures of low organization, no one species either 
of phint or animal that lived pi’evious to the close of the Chalk 
age, survived that period. Except one doubtful shell all the 
s|>ecics found in the Mezozoic strata became extinct. None 
of them are to be found in any of the Tertiary strata. You 
will understand, however, the limitixtion with which I make 
this utterance. If the doctrine of evolution be true w^ are 
all descendants of species that lived piior to the Chalk tige. 
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But naturalists have hitherto applied the tenn “ sj)ecies ” to 
individuals, the probability of whose desi^ent from common 
pjirents is indicated, by the identity of their organization ; 
grofcps of organisms are regarded, as being of the same specit‘s, 
when their individual members, are more like one another than 
they are like any otlier objects. The term species being thus de- 
fined, it becomes true, that all the Tei-tiary species arp difVert'iit 
from those which lived previous to the close of the t’retaceous 
age. Still less could any of the latter 1)0 identified with such 
as are now living on the earth. But when we (!ross tlu^ 
boundary line that separates the Cretaceous i*ocks from tlu^ 
Tertiary deposits, -we begin to find the fossil remains of s|)eci(‘s 
that are still living. Lyell made use of this fact, and based 
upon it his classiticatiou of the Tertiary strata that we are 
about to study. lie found that in the old(‘st of these Ter 
tiary beds there was not niore than about three and a half 
])er cent, of recent shells in every hundrinl fossil species 
that he examined. Therefore he threw' these oldest b(‘ds int<» 
one group, to namo^of hk>cene - a term 

signifying tki^llffwnof recent life. Jin strata, of newi‘r ag(' 
he found sometliing like thirty-live per cent of living sh(*lls, 
associated with sixty-five per cent, of extinct ones, ^fo this 
group of deposits lie gave tlie name of Mioc^em^— or h‘ss 
recent. Then wlien he came to othet* de[)osits of still moi<* 
modern date, he found tliat the proj)ortion vailed from forty 
or fifty per cent, up to very nearly 10b jau* cent. ; and to 
these lie ^ve the naino of Bliocem*, or more rec^cnt. 

.The tleposits to wliicli Cuvier s Jittcntiou was chiefly directi'd 
Vieloriged to the Eocene jieriod of life. I need not dwell u]k>u 
^tlj^^ast^iulti tildes of phells that were found in them, tliougli 
many of tliese were pe(!uliar, including numerous genm-a not 
met wdth in the older rocks hut wliich are amongst the most 
common of those now living. We thus learn that on (rrossiiig 
from tlie ( hetaceous to the Tertiary beds even he molluscaii 
forms of life underwent a sudden cdiange. This is (MjUiilly 
tjfue of those wliich ceased to exist and of those wliich now 
mppear for the first time. I have already jxiinted out in how 
marked a manner this statement applies to the (Jcphalojxida, 
or animals allied to the Nautilus and cuttle-fishes. 

In our owaicountrythe.se Eocene strata are only found in the 
south-east of England, and especially in the neiglihourh(x>d of 
liorfdon and the Isle of Wight, In them w'e find the remains of 
reptiles, birds, and mammals. But the Tchthyosaums and its 
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companions are now replaced by the crocodile and the sei-pent. 
er creatur{)s were as large as the tropical Boa-con- 
of tl;e present day, and amongst them there was, 
iiccording to Owen, a huge and veritable sea-serpent — tho^igh 
not having yet cauglit the great sea-serpent, I am not quite 
clear as to what his anatomical characteristics are. Then we 
have numerous turtles — rather smaller than the recent ones 
seen at aldermanic feasts. Fishes of many varieties now 
abound. The modeiTi types which first presented themselves 
in the Clialk age now become the prevailing forms — replacing 
the Mezozoic and Paleozoic Ganoids which, thougli still repre- 
sented become comparatively rare. Figure 9 represents the 


The If^t 
strictors 



skeleton of a species of perch, from the slate-quarries of 
Glarus in Switzerland. This skeleton exhibits the kotmiverrcU 
tail, to which reference was mjide in a previous lecture. At 
the latter part of tlie Cretaceous age we find for the first 
time fishes allied to the salmon, perch, and many otllbr 
forms living in our seas and rivers at the present time. Yoiu 
will pi'obably i*emember I told you that no solitary fragment 
of those modeni tyj:)es of fishes to which Agassiz gave the name 
of Cycloids and Ctenoids, fi-om peculiarities seen in the forms 
of their rounded scales, had hitheiio been met with in rocks 
older than the Cretaceous series ; but towards the upj^er part 
of that group they begin to appear, and w hen we cross the 
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boundary and come to the Tei*tiary deposits these fishes crowd 
upon us in great numbers. Sharks of Ijjige size wei^ ^aLso 
common, as is shown by their numerous teetj^ preserved in 
theTEocene iJfeds. But it is when we come to the Mammals, 
especially to those first discovei’ed by Cuvier, tliat we are 
most strongly reminded of the changes which have overtaken 
the world’s fauna. 

When Cuvier first discovered the bones of those (features 
he show^ed to the scientific world, that, from the study of a 
limited number of bones, he could reproduce, with considerable; 
probability, •the entire animal. He did this by moans of 
Avhat he designated the law of co-relation, or, in other words, 
the mutual depenelence of parts upon each other. That such 
restorations are possible within defined limits is doubtless 
true ; but w^hen I hear of their being accomplished by tlie 
examination of a fmgrnent of bone or of a tooth, I (;an 
merely smile at the world’s credulity. If the coml)ination of 
orpins in the extinct animals had exactly corresponded with 
what w'e see in livinj^^ptes, such feats (^f anatomical leger- 
demain iniglviBlilW^Teen j) 08 sible. But no man only posscsssing 
the skull of a Pterodactyle w’ould hjivo given to the animal 
the wings of a bat ; neither would acquaintance with tin* 
skeleton of the body of Marsh's large Diver have led its 
discoverer to connect with it jaws full •f enamelled teeth. 

• The chief quadrupeds w’hich Cuvier found in those deposits 
were of two types ; one of these was a lieavy creature, some- 
what like file pig ; the other was an animal of much lighter 
construction. Cuvier showed, what we liave no doubt now 
is perfectly true, that these were Mammalian animals, very 
^Iqijjj^y alfed to the Taj;^’rs of which herds now roam through 
the South American forests. 

The Tapir is a hog-liko creature, but nevei theless not a true 
pig. It had its upper lip prolonged into a sort of proboscis, 
winch was also the case with the Paheotheiium. But (hvier’s 
otli^r discovery, the Anoplotherium, w as a creature of a much 
n\ore graceful structure, and approached somewdiat nearer to 
^le Antelopes. The remains of these creatures are found not 
only at various points on the continent of Europe, l>ut in Eng- 
land. Another Eocene mammal is the Hyienodon, w hich \\ias 
probably one of the oldest of true carnivorous mammals. 

We now meet with another well know n group of animals 
not found in older strata — I mean the whales. In this low est 
Eocene dejiosit there has been found, especially in the United 
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States of America, a huge whale furnished with very remarkable 
teeth, and known by the name of the Zeuglodon, and we know 
for a cbi-taiiity that some of these Zeuglodons were fully seventy 
feet in length. ‘ Thus you see that though the ^ant Ichl&yo- 
saurus and other allied aquatic reptiles have disappeared from 
the sea, other huge marine creatures have taken their place, 
though of an entirely different class. 

The general conclusion to which we are brought by the 
study of the animals found in these Eocene deposits is that 
at the period in which they were accumulated, the animal life 
on the globe was of a somewhat tropical chaiHcter. This 
conclusion is further conffr/ued by the study of the plants 
of that age. VV(? now find tropical palms, and associated 
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with them we have a large number of other jdants, tlie 
seeds and fruits of which are yet preserve^fl, all indicating 
the same general fact, nsimely, tluit the temperature at the 
pt>riod in question was very high. 

But wo must now cross anotlier threshold and enter u^x)n 
the Miocene nge — in which we discover a maivellous outburst 
of that animal life, living forms of which now constitute 
so conspicuous a feature in the foi*ests of India and Africa.. 
We have probably no trace of these Miocene deposits in Eng- 
land ; but when we cross to the Continent, we find them here 
and there in detachetl patches. As we proceed to the flanks 
of the Alps they ci*op up in larger mas.'-es, and an enorinous 
range of them runs along the southern flank of the Himalaytin 
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hills ; these deposits are rich beyond any precedent in the re- 
mains of gigantic animals very similar to* some now ^living. 
This remarh^applics to the Miocene deposits in various parts 
of ^iie old and new world. We have now the Meininoth and 
the Mastodon — huge forms of Elephants ; then we have the 
Hippopotamus, Rliinoceros, Bear, Ilyiena, ^Monkey, Oiraire, 
Camel, and Deer of numerous forms. The Dinotheriiim was a 
huge elephantine aiiiinal but with two tiLsks piojt'cting down- 
wards from the low^er jaw. The Sivatherium found in India, 
w^as a sbig-like ruminant with Wo pairs of liorns, and asso- 
ciated with tt was a gigantic Tojjtoise eighteen feet long ! I 
have said enough to show how marvellous and rapid lias l)(‘eu 
the outburst of new’’ forms of animal life, contrasted witli its 
slow development in previous ages. 

In dealing with the question of evolution we have (carefully 
to consider the facts which I am now' briidly enumerating. 
Ileoollect how extremely iiisigniticant the thick n(‘ss of tJje 
deposits that w'e are speaking of is conqiared witli those of 
earlier date. ^Tluyijj^i^series of Tcwtiary beds is only n'pre- 
sented by a ^^WyThin line even in any lar^e seidion of the strati- 
fied rocks drawn to one scale. Yet, as I have already shown, tlie 
thickness of a series of deposits constitutes our best standard, 
imperfect though it be, for measuring the time winch thos(‘ 
deposits occupied in their accunuilation. Hemember then tliat 

the low^ermost jiart of the Tertiary s(u*i(*s we ha ve scarcely 
any of the^e mammals. The few’^ found in beds of the Kocem^ 
period are but scanty representatives of the group ; but w hen 
we iiurn a corner, it appears as if some gri'at magiiaaii lunl 
waved his wand and, in response to the magic summons, life of 
^lj«iMiost varied charaitku*, and in forms most dissimilar from 
what immediately preceded, flash into existiviure. 

The evolutionist has to explain tliese nnpreciHleiitiMl 
phenomena, and to ascertain, if he can, how it is tliat this 
development of animal forms has proceeded so slow ly through 
m^ioris of years, and then at a very late period, as if in pre- 
fxiration for man’s advent ujion the earth, it should suddmily 
Advance with such amazing rapidity. I contend stoutly 
that however numerous may be the facts that sustain tlie 
doctiiiie of evolution (and I am prepared to admit that thftre 
are many that do so in a remarkable manner) this unex- 
plained outburst of new" life, demands tia? recognition of 
some factor not liitJierto admitted into the calculations of the 
evolutionist school. 
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Before we finally leave the Miocene age I would call your 
attentJk)!! to the miperfect knowledge, not only of fossils, 
but of anatomy, which prevailed amongst natu^lists in^the 
early j)art of tlie last century, Scheiuchzer, one of the most 
eminent naturalists of his day, obtained a skeleton of a large 
newt or Salamander from a quarry at CEningen, whence many 
similar skeletons have since been obtained. This he described, 
in more than one woik, as the skeleton of a man who had been 
drowned in the Noachian Deluge. The fact that this Sala- 
mander rejoiced in the j>ossession of a tail seems to have 
constituted no difficulty in the way of this primitive geologist. 
Both in size jind foim tlie CEningen rtiptile approaches very 
closely to a living Japanese species. 

Leaving the Miocene we come to the Pliocene period, which 
has left its memorials, in the south-eastern counties of our own 
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Fiv. 11. — ((») CEtUpotla naidingeri, a grasshopper fixini the Miooene lK5ds of Radohoj 
in {'roatia (after Ileer). {//) Sidiellenbejgia rotuuduta. A Miocene spidci' from 
CEningen in Switzerland (after Hoer). 


country in what is called the Oag of Suffolk, as well as in 
other parts of the world ; we still find scattered amongst these 
deposits the remains of most of the Miocene Mammalia which 
continued to flourish, though the climate became much more 
temperate than it formerly was. 

The detached Pliocene deposits are doubtless of various ages 
— but tliroughout the entii*e series we find numerous, stilT 
living, species either of marine or fresh-water shells ; but 
culfious changes have occuiTed in some of these species. 
Some which were very common in the Pliocene seas aie now 
mre on our coasts, w hilst with others the reverse is the (;iase. 
There is no doubt that these shells indicate a change fi*om 
topical to tempei*ate conditions. Nevertlieless some of the 
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marine objects continue to be very remarkable. This is 
especially the case with the sharks, of whyh the fossi^ teetli 
are very n\imerous in what are called the Crag deposits. 
Mafiy of thffse teeth are of enormous size. Comparing them 
with those of large living sharks, and assuming that the 
magnitude of the jaws increased in the same ratio as the teeth, 
we may fairly conclude that some of these fishes must have 
been able to open a mouth wide enough to ttike in the contents 
of a London Omnibus at one bite. Along with remains of 
the shark we now find bones of the true whale. These are not 
the Zeuglodons of the Eocene age, but whales of tlie modern 
type. • 

As the Tertiary age advanced we discover tliat ilie living 
types of vegetation became more and more abundant. You 
will recollect I called your attention to the fact tiuit even at 
the close of the Cretaceous age poplars, myi'tles, magnolias, 
and a whole host of other Dicotyledonous trees, belonging to 
warmer climes than ours, had begun to make their aj)pea,ran(M;> 
on the eaiih. Asthg^j^ocene age passecj by we find that the 
genera and api^^^rtRaese trees multi|Jiod quite as rapidly as 
the quadrupeds. We further learn from the fossil plants that 
the disti’ibution of heat and cold on the earth continued to be 
veiy different from what it now is. Thus, even in the Miocene 
age, parts at least of the ice-clad continent of (Ireenland wer<^ 
•till clothed with rich semi-tropical foi'ests in wliich disti'ict 
forms of plants were almost as abundant as they were at the 
close of tMe Cretaceous period. When those nortliern regions 
assumed their present condition we have yet to leai ii ; but the 
chadge was probably coieval with the similar on(‘s which 
a£gcted«lhe entii'e nt^-thern hemisjdiere after tlie close of 
the Pliocene epoch. 

An age anived when the semi-tropical conditions that pro 
vailed in the periods of which I have been speaking, gradually 
yielded to influences of a more chilling character. Ice and 
snew' began to creep southwards from the Arctic regions, until 

last there arrived a time, now known as the Ohu;ial age, in 
•which the greater paili of the northern hemisjdiere was covered 
with ice and snow, much in the way that (Greenland is so 
clothed at the present time. How long this condition^ of 
things continued we do not know ; but you will readily under- 
stand that such a physical change would necessarily produce 
grelLt alterations in the life of the period ; and geology affords 
us proof that this wag the case. We now find the Heindeer 
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feeding at the foot of the Alps ; its remains, along with 
those ^)f the Musk-ox, supplies of which animal, you remember, 
made a welcome addition to the scanty larder of the late 



Ai’ctic exploi'ers, occur over the whole of northern and tem- 
j>eiute Buroi>e, including our own country. The Glutton, another 
Arctic animal, has also been found in a fossil state in sonfe of 
these glacial deposits. To give even an outline of the history 


THE SUCCESSION OF LIFE ON THE EARTH. 


95 


of this a,ge would require a dozen lectures in order to do the 
subject justice. I should have to unfold to*you the liistJry of 
tho!^ wondei^ul ossiferous caverns which liave been found in 
various parts of the world, and the investigations of which 
have been productive of such remarkable results. But time 
will not allow me to dwell upm these matters, l)(‘yond point- 
ing out to you some of tin* more ehara<deristic plhtuiomena. 
On studying the Tertiary age generally, we cannot fail to see 
how much the world clianged in one point as it grew older. 
At tliose periods which we examine<l in the two first lectvir<\s, 
we have evefy reason for su]>posiiig that animal and vegetable 
life presented a far greater uniformity than now from flie 
Arctic to the Antarctic zones. Tims we find that plants 
of the Coal measures of Australia a, re almost ideiitii-al with 
those found in the Coal measures of Creenlaiid and y})itz- 
(bergen, and the remark is equally true of the (Vial 
measures of the intenriediate zones. As the world grew older, 
and as we approach nearer to recent times, we find gradually 
springing up atyjji^iiC’y to local diffeiciu’es in the life 

I iai*aet(.*risi i Ig" Li le dill erent geographical iireas ; but; at length 
we reach a peidod in wliich every country siMuns to have laid 
its own distinctive animals, just as it has now. If I taki‘ 
you at the present day to tlie woods of Houth America, what 
do we find there! Amongst other tfiings, numei’oiis small 
floths hanging upon the trees, and feeding u]>on their lea.v(*H. 
In the Post pliocene age Sloths wt‘re common in the same 
3 ‘egion, but they were as big as oxen, and consequently alto- 
gether unfitted for climbing up trees ; but, as Pi’ofessor Owcui 
has s5M>wn. they were fitted for pulling the trf‘es down. T1 m> 
American province noAv abounds in Armadillos, which 
hurrow' into the soft soil as rabbits do in our own warrens : 
hut amongst these we find the remains of an enormous extinct 
Armadillo, which must have been as big as a carrio 2 ‘’s covered 
van. He was certainly above nine feet long L orn snout to 
taijft 

• If we cross to New Zealand, what do we find there ? At tlie 
present time we have no Mammalia in New^ Zealand other 
than a rat and a bat. This fact p)ssibly explains why the old 
New Zealanders were caimibal ; if you realise that they Imd 
no domesticated 'animals such as we have, and that the only 
chaijpe of getting meat was to eat their enemies, we can 
scarcely wonder that a savage race should see no harm in doing 
so. There has been found along with this rat and bat, the 
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Apteiyx, a small sj)ecies of wingless bird, about the size of a 
Cochin-China fowl. This bird belonged to the same gi'oup as the 
Cassowaries of Australia and New Britain. In the later Post- 
pluKJene days, birds of this class were extremely numerous in 
New Zealand ; but instead of resembling the living Apteryx in 
size, they were often larger than any living ostriches, some of 
them beijig fully ten feet high. Their bones are now scattered 
abundantly over the length and breiidth of New Zealand ; 
and it is clear that their extinction was due to the same 
agencies as destroyed the Dodo of the Mauritius. They were 
eaten by the natives as long as any remained ; aiid when this 
game was no longer available, the New Zealander would be 
more likely tluin ever to eat his fellow-men. 

A species allied to these New Zealand Moas, as they are 
called, has l)een found in Madagascar; we have also got the 
eggs, and it is calculated that one of them would contain 
about 148 modern hen’s eggs. Thus you see that both in 
South Ameiica and New Zealand the animals that still live there 
are the representajfcivcs of others ^j ch li ved in the same 
countries during a bygone age ; but thtj livlng*^’^orms are the 
dwarfed representatives of the older giant race. In Australia 
the living anijnals are chiefly of the Kangaroo type, of which 
there are enoimous numbers, both as regards individuals and 
species ; and the remarks I made about New Zealand apply 
equally to Australia. We find in the caves of A ustralia fossil . 
Kangaroos of the Post-pliocene age, and they were as much 
larger than those now living as the Megatheria and Moas of 
South America and New Zealand were larger than the Sloths 
and wingless birds of the present time. The point wlach I 
urge ujK)!! your attention is this — th>?.t the geogrSphicalw'liSi 
tribution of animals at the present day does not dift’er, in 
many cases, from tliat which chai*acterised the later geological 
ages. In the northern hemisphere this is true with an im- 
jK>rtant limitation. We have already seen how during the 
Tertiary iM^'riod the numerous Mammoths and their huge com- 
panions spread over the entire hemisphere. Then came the 
Ice age, wdiich drove those creatures southwards, though we 
have evidence that botli tlie Mammoth and the Rhinoceros were 
chHhed with a cohering of wool and hair, enabling them to 
endure a colder climate than can be borne by their modern 
representiitives. At the same time they never were Arctic 
animals. They must have had vegetation upon which they 
could browze, and their companion, the Hipjwpotamus, must 
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have had unfrozen livers in which it could swim. After 
•great invasion of ice passed away many of thes« animals retipned 
to their old haunts ; but they gradually disa.ppeai*ed one by 
one, •leaving Behind them only the wolf, the beiir, tlie elk, 
and the deer to represent them in the temperate portions of 
,the northern hemispliei*e at the present day — tlie larger forms 
of animals which foiineiiy were their companions, and charats 
teristic of the sfune great zoological province, having now 
I'etreated to the foi'ests of Southern Asia. 

After a pei'iod of unknown duration tlie ice bt^gan to recede 
noi-thwards owing to a return of nmro genial suns. There is 
jriuch difference of opinion amongst geologists a, s to tlie detailed 
succession of events during this age of milder temperature', lint 
it is obvious that a struggle between sun and frost continiu*<l 
for a long period. There is much reason for su]^>posiiig that 
after the first great Glacial age, the ice so far disapjiearc'd as 
to leave extensive tracts of land over which the Pre-glacial 
animals spread themselves, and that this very variable “ Inter- 
glacial ” period was sngj^pisded by a return^ tif the ice slaa't 
which again owwspr6ad parts of the temj^'rate zone. He this 
i^s it may, the ice sheet finally disappeared, but its remnants 
lingered in the shape of numerous glacieivs which long con- 
tinued to occupy the gorges of our mountainous regions. 
Dui’ing this later time the Mammoth atfid many of its Pre- 
glawtil companions still roamed to and fro njiiongst onr lower 
valleys and over our wide plains. At that time our island was 
not only unii^^d to the continent of Europe, but, in all proha- 
bility, stretched far away southward and westward into the 
Atlantic. So that the ancient Eui*opeo-Asiatic fauna was also 
the fsirtiha of ^hat is now^Great Britain. The vs^ay in which 
the bones of southern forais of Mammalian life have become 
intermingled in caves and other Post-pliocene deposits makes 
their history a difficult one to render intelligible. This irincli 
however is certain. One by one these huge Mammals passed 
away^from these latitudes. In all probability the lal(‘st 
sui'vivor of the vast herds which once covered central Eurojje, 
but* which do so no longer, was the noble species of deer known 
as the Irish elk ; magnificent horns of this animal have i)cen 
found varying from ten to foui*teen feet from tip to tip,M 
whilst liis height was not less than ten feet ; various facts 
have been brought to light, making it almost ceriain tiiat this 
animal,' at least, finally became extinct through human 
agency.. 
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We now come to the most remarkable of all the phenomena 
connected with the history of life on the earth. I mean the 
appearance of man. Few are ignorant of the discussions 
which have taken place on this point, and of iSie wide differ- 
ences of opinion that still exist in reference to it. On the one 
hand, there are geologists who believe that man existed in the 
age that, preceded the first great invasion of Europe by the ice- 
sheet. Others who reject this conclusion admit that he must 
have dwelt in Europe in the Inter-glacial age, whilst a third 
school of savants deem the evidence of even this degree of 
antiquity unsatisfactory, but suppose that he canPxe hither after 
the final disappearance of the ice-sheet. But there are few,, 
even of the latter class of geologists, who deny that man’s 
antiquity as a dweller on the earth was very great ; few who 
do not admit that he saw the Mammoth and the Reindeer 
feeding f)n the plains of southern France, and hence that 
he dwelt as a hunter amongst the many extinct Mammals 
whose names I have brought before you. vi" 

But before I dqp-1 with some of tU ^, evi dence u^Jon which we 
must base our conclilcsions respectingmSn'lS age^^t must dire(?t 
your attention to the history of one Tertiary and Post- tertiary 
group of animals which have assumed the highest interest in 
in consequence of the sj>eculations of Professor Huxley in 
reference to it. 

You all know that each foot of the horse has only one toe, 
which bears its nail or hoof. But every farrier is aware that oil 
each side of the “ cannon” bone there are two “ sjjlint ” bones, 
and which are undoubtedly the degraded remnants of the second 
and fourth toes of the ordinary five-toed Mammalian foot. 
The two outermost toes, viz, : the fyst and the frfi;h, al^ilto- 
gether wanting, and in the case of the second and fourth tfie, 
“ metacarpals ” and metatarsals ” as they are called — that is 
the bones which form the palm of the hand and the arch of 
the foot — are piesent in the shape of the two “ splint ” bones 
to which I have referred. Unlike the third toe, thesg two 
lateral splint bones have no digits, I'.e., proper toes or fiifgers, 
at their fn^e ends. But Professor Huxley long ago caHed 
attention to the fact that in Post-pliocene times, when our 
tnodem horse had no existence, there lived a species of horse 
the “ Hippotherium ” in which the two splint bones were termi- 
nated by digits, but which were too short to reach the ground 
and take any part in bearing the weight of the animal. ' Going 
still further back into the Tertiaiy age, Huxley pointed out 
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the remains of another animal, the Anchitherinm, which le- 
sembled the horse in many of its features, hut in the 

subsidiary second and fourth toes, though still smaller than 
the Y^rincipal* central one, w'ere yet capable of reaching the 
ground. Professor Huxley came to tJie conclusion tliat tlie 
Anchitherinm had first developed into the Hipparion and tlie 
Hipparion into the horse, and that this history ga'v^jL^ a very 
powerful support to the doctrine of evt)lution. tie asks. 
Which is the more probable conclusion at w hich w e can arrive : 
that EurofH? once sustained herds of Anchitheria, which were 
swept aw^ay, ^to be replaced, through some miraculous .‘igency, 
w ith similar herds of Hippaiions, whilst these in like manner 
were supplanted by herds of horses of the modern type ; ov 
that, by a process of evolution, each of these successive typ(‘s 
has been developed out of the pre-existing one ? Huxley un 
|iesitatingly accepts the latter alternative, and aTgues thfit if 
this is the true history of the horse, something similar to it 
must hav^,7been equally the history of all other animals. 

Two questions aris^i^\yt of this hypothq^is : first, is this a 
(H)rrect acc<? «iPt-of the genealogy of the h^’se, and, if so, does it 
ifollow that all other animals must 'have had a similar geni'a- 
logy. In endeavouring to trace out the ancestry of beings 
w’hose pedigrees have not been preserved, but have to be 
ascertained by means of circumstantiHl evideiKte, we have 
bilfc one kind of trustworthy evidence. If all the examples 
of Anchitherium exhibit peculifirities of a distinctive kind 
which sepaiSite them bf/ a definite line of demarcation from the 
Hipparions, and if the latter in turn are equally distinct from 
the mpdern horse, we have no evidence that the three distinct 
griithvtions ill the develoj^ment of tlie foot w’ere the result of 
a succession of minute and impalpable changes in which one. 
type shaded off into another. Such gradations are met wuth 
in the organic kingdom in innumerable instances. But if, on 
the other hand, a long and linear series of specimens of thest^ 
anin^ls can be put befoie us exhibiting, not inteiTuj>ted 
giudations, but such a giudual transition from the Ancliithe- 
riflm to the horse, as renders it impossible to discover a break 
in the long line, then Professor Huxley's conclusion that tl ;e 
Anchitheiium was the ancestor of the Hipparion and tl^i 
Hipparion of the horse, becomes inevitable, and we must 
accept it whatever other conclusions may be rendered neces- 
sary our doing so. Until recently the evidence that 
there had been such a transmutation w^as not satisfactory 
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to me. But in a recent lecture Professor Huxley has brought 
forward some aciditional evidence derived from Professor 
Marsh’s discoveries in the western states of North America. 
Beyond all question some of the gaps wliichliave hitherto 
separated the three animals I have named, aie filled up by 
these discoveries; but I want yet more evidence before I can 
arrive at^he conclusion that the doctrine of evolution is proved 
by these facts beyond the possibility of question. It appears to 
me thfit before I can unhesitatingly give to the testimony of these 
fossil horses the full value which I am asked to do, I must 
know more about them tha^ is at present possHjle. It will 
not bo enough that the limbs and teef-h of tliese creatures . 
indicate transmutation, but such transmutation must be 
evidenced by every part of tlie animal. This demand is 
especially applicable to the stages which intervene between 
the Hipparion and the horse. If the latter was evolvi^d out 
of the former during long periods of time, it must have been 
so evolved as a whole ; not merely showing the gradual change 
progressing in son^e organs, but in poi'tion of its strius 

ture ; myriads of incbviduals must have existe^to effect this 
gi’adual shading of the one into the other in every part of its^ 
body. It is true that in the Pliohippus of Professor Marsli, 
the two lateral metacarpals had no digits, but even between this 
fonii and the aboHive splint bone of the horse, there is yet a 
wide gap. Further researches may fill up this and other siinifjir 
gaps. The fticts now known undoubtedly increjise the proba- 
bility that the doctrine of evolution alone can 'explain the 
existence of this series of horse-like animals, but the recogni 
tion of this jyrohabilitt/ is a very different thing from the ad- 
mission of absolute certainty, whicl^^is practicall^Memanded 
of us. 

But even admitting all that Professor Huxley requires us 
to do, so far as the genealogy of the horse is concerned, does 
it follow that we must at once recognize in evolution the 
prociess to which all other forms of organic life ai*e due To 
this (juestion I can only give a negative answer. I liave - 
already expressed my conviction of the applicability of tile 
doctrine to the explanation of many of the variations of organic 
life, and I think it impossible to exaggerate its value as a 
working hyjwthesis ; but beyond this I am, as yet, unalde to go 
and for this reason : assuming Professor Huxley’s hypothetical 
genealogy of the horse to be historically true, it only demon- 
strates what we already believed to be a fact, viz., that 
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changes in the surroundings of living oiganisms were cajmhle 
of producing con-esponding changes in those organisms iHthin 
certain limits,^ In the pi*esent case we have only one part of 
the problem solved by nature's experiment. We ha v-e only the 
degradation, from disuse, of certain pn^existing organs — a 
process which throws no light whatever upon the opposite 
<dass of facts, in which ntire organs make their aj 4 )earan(‘e 
which had no pre\nous existence. Animals alrejuly so closely 
allied to each other as to represent collectively the etpiine 
tyjje, began with five toes, four of wliich successively disajipear 
so far as onlf to be represented by the imperfect splint lames 
of the living horse, but we do not learn from these facts how 
animals originally I>ecarne possessed of toes of any kind. 
Such information may be obtained from other sources or it 
may not — but the history of the horse certainly does not 
furnish us with it. 

After this preliminary inquiry we may now proc^eed to 
asctytain what light has been thrown upon the corresponding 
history of man. • 

As is well^nown, numerous ancient ftjlics have been found 
in various places, intimately associated with the remains 
(>f extinct animals, which no rational being can refuse* to 
recognise as works of art fashioned by human hands. Hude 
works they are in many cases — but yet^such as no unintelli- 
gcfit forces could have produced. The bone needle with its 
I )ei*f orated ^\ye, found by Mr. Pengelly in Kent's cavern, and 
the.mfigniticent flint weapons which have been imd with in so 
many localities, are illustrations of what I mean. The human 
origin of tlyese objects being established, the all imj>ortant 
jM)int remaining to be proved is their age. Did the extinct 
animals, with whose bones these works of art are found 
ass(x;iated, live into comparatively late ages, or did man exist 
in the remote period when Britain was a part of the Euro]x*an 
continent, and when the western extension of that continent 
8tr(;^hed far out into the Atlantic 1 

There has been found one special set of memorials of a 
yet moi-e interesting kind. I have already told you that as 
one of the consequences of the glacialisation of the noilhern 
hemisphere the Reindeer at one time abounded in soutlieim 
Fnince, where its remains now occur. Remarkable outlined 
sket<jjbes of these and other animals have been found in the 
same district, gmven on pieces of theii* hoihs, on ivorj", 
and on fragments of slate. In Sir John Lubbock’s work 
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on the Origin of Civilisation and the Primitive Condition of 
Man) a book within the reach of all my hearers, you will see 
represented (p. 21) a group of Beindeer fightiijg, which was 
found in the south of Frnnce, and which eould only have 
been delinejxted by some one familiar with these animals. 
In the same work is a still more remjirkable outline scratched 
rudely eai a piece of a Mammoth’s tusk, and found in 
the Cave of La Madeleine in the Doi-dogne. From the sketcli 
of the Mammoth given on page 90 it will be seen that 
the tusks of that animal curve upwards and inwards 
in a way that differs very widely from those ^^of all living 
elephants ; further, we know, from specimens found in • 
Noithena Siberia, that, unlike any of tljte living elephants, the 
anterior part of the Mammoth’s body was hung with masses 
of long hair. Both these remarkable features reappear in 
the Dordogne sculpture. It seems to me extremiely improbable 
that the ancient artist, even had he seen an African elephant 
— itself a very impi-obable supposition — would have so far 
diverged from hit model as to repsivjuce exactly the two 
chamctei'S which distinguished the extinct Mammoth from 
its living representatives. The reproduction of one of these 
features would have been a remarkable coincidence ; but that 
the two should be conjoined only appears explicable on the sup- 
position that tlM3 artisS^ had lived side by side with the extinct 
creature whose outlines he so accuiately tninsferied tcf a 
fragment of one of its own tusks. The Esquimaux of the 
present day depict the animals living around them ujhui 
fragments of their own skeletons, and it ajq>ears to me that 
the men of the Post-glacial period, at which period w^e know that 
the Beindeer and the Mammoth flourished in soutRem Europe, 
only did the same. It is very improbable that a savage who 
had never seen a Mammoth could have elaborated it from his 
inner consciousness ; he could merely have copied, as the 
Esquimaux do, such creatures as he was familiar with. I 
think we cannot avoid coining to the conclusion that, whatever 
may have been the age at which the sculptor of that animal* 
lived, he was familiar with it ; he used its ivory as one*of 
the materials upon wliich to exercise his art ; and we are 
consequently driven to the conclusion, that, however old or 
young man may be, he lived upon the earth at the time of 
these extinct animals. We next ask, in what shape does he per- 
sonally present himself to us. We are told by the evolutionists 
that he was originally a monkey. This is not necessarily an 
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improbable fact ; we must not scout the idea merely because we 
are apt to smile at it ; we must look at the evidence #ujK)n 
which the hywthesis rests. There is no doubt whatever that man 
is cdhstructecTupon the same type as the monkey, and that when 
you put their skeletons side by side, though there are certtiin 
points of difference, thei*e are greater and stronger points of 
resemblance. Consequently, d assuming that the doct- 

trine of evolution is tme, it would be extremely pit)bable that 
man had developed out of one of the larger and moie man like 
types of ape. If we merely study man’s skeleton as a whole, 
I can obtain from it no evidence that necessarily upsets the 
conclusions of the evolutionists ; out when we come to study 
certiiin special features, I think I see very grave difiiculties. 
In the first place, when w^e examine the biain-pan of the 
monkey and compare it wuth that of man, I need scaicely say 
,how large is the difference between the magnitude of the 
human brain and that of the highest type of monkey that 
we^are familiar with. Of course it is very difficult to decide 
how much these diffenp3ces are woith. "^"^e sometimes find a 
man with ^ little brain made of sfJ^rior material, who. 
mentally, surpasses another man with a bigger brain made of 
■baser material. But let us see to what this compaiison of 
brain-power brings us. Tlie largest Gorilla has a })min of 
about thirty-four and a half inches Wi cubic capicity ; but 
tHis magnitude is exceptional ; generally speaking, the brain 
of the Gorilla has from thirty to thirty-two inclies of cubic 
capacity. * The brain of the highest fonn of intellectual man 
has about 114 inches of cubic capacity. Between these two 
extiemes there is an enormous difference. But the evolutionist 
properly says, “ I hav% nothing to do with extremes ; I have 
only to study the highest form of ape and the lowest form of 
man, to see if a link can be found uniting the two.’^ 

The smallest known adult human brain, re8j)ecting the 
accui’acy of the measurements of which thei-e exists no room 
for^oubt, is one described by Professor Marshall of London. 
It is that of a Hottentot woman ; we do not know her age or 
Whether or not she was an idiot. When we find the brains of 
Englishmen and Europeans wdth a less cubic capficity than 
about sixty inches, we are told by Dr. Davis, one of gur 
highest authorities on tliis subject, that they are invariably those 
of idiots ; but it does not follow that this brain c.apacity would 
necessarily indicate idiocy in savages. The bi*ain of the Hot- 
tentot woman measured sixty-two and a half cubic inches. 
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The evolutionists argue that since there is such a diversity 
in the brain of humanity, varying from 114 cubic inches to 
sixty-two, there is no reason why we should not go dowm to 
thirty inches and reach the level of the Gorilla. I* contend that 
this is not a philosophical argument, and I will tell you why. 
Huppose you try to stretch a cord already three feet long, you 
may easily add some inches to its length ; but having done this 
you will find it far more difficult to stretch it anothjer inch 
than you did to stretch it the first half-dozen. You have 
reached the limit of its elasticity, and, use what effort you 
may, any fm*ther strain only snajis it in two. Apply this to 
the human brain. It is true there is an elasticity in the de- 
velopment of this organ tha.t admits of its ranging between G2 
juid 114 inches, but Ijecause you have got so low as 02 inches 
it does not follow that it could be reduced in size to the extent of 
28 inches more. I think this statement is sustained by ar- 
(dueological evidence. The two oldest human cmnia that have 
yet been found are those known as the Engis .and Neanderthal 
skulls. Of these ihe former was un^gj^stionably the more 
ancient. Yet Professi()r Huxley admits that it 4ras probably 
a. cubic capacity of 75 inches, and might have belonged 
either to a negro or to a philosopher. The Neanderth,al speci- 
men is much more imperfect, hence its exact capacity is not 
(easily calculated ; but it was probably much infeiior to the 
Engis one, though its owner lived at a later period of tiiRe 
than was the case with the Engis savage. We thus see that* the 
facts exliibited by the oldest known skull carries iis far away 
fi'om the Gorilla, and leave us solely dej^eiident upon jtos- 
sibilities in attempting to build up our hypotheses. I am 
brought to the conclusion, that, so for as the sfiull is con- 
cenied, there is a wide gulf yet to be bridged over, deeper 
tlian the uncompi’omising advocates of evolution appear to 
rec(^gnise. Hut it is not to brain measurements, nor to any 
other merely structural peculiarities, that I am inclined to 
look for evidence bearing upon this problem — but to cthe 
psychologicjil i>eculiaritiea 'which separate man finm the most 
exalted of the lower creatures. The caves of the Dordogiib 
reveal piimawal man to us as an ai-tist — rude, it is true, yet 
using his flint stones as gm'ving tools, and sculpturing, with 
these imperfect implements, life-like representations of the 
ci'eatures amongst which he lived. Now what have we in any 
Gorilla that prepires us for these manifestations of artistic 
talent 1 Literally nothing : yet this is only one of the in- 
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numerable mental and moral potentialities which sepanite man 
from the brute. It appt*ars to me unphilosophical to sjif that 
these poweri^ have been produ(;ed by the inlluence of man’s 
sun-oundings acting upon his organisation. I would urge tliat 
all that those surroundings have effected has been, not to 
create, but to call into activity, powers that were a.li’ead y 
latent in man’s nature. When we talk about what civilisation 
has giadually accomplished, we must reineml)er tliat civili- 
sation has proceeded from the exercise of (pudities residing 
ivithin man himself, and not from physical intluences operating 
from hence civilisation, jso far from being a product 

of the “ suiTOundings ” of Mr. Sjiencer, is loerely a pi‘oof of 
tl\e existence in man of latent potentialities, whi(di no sur- 
roundings could create, however mu<‘h they might aid in 
stimulating them into activity. A sit is, there is no race of men 
so degraded that tliey cannot be taught in the course of a very 
few generations to display mental qualities to which the mere 
aninial, however long he may have dwelt within the intliiencc* 
of civilised man, can no claim. Man^^aif not only look back- 
wards by afr*effort of memory, but anticipate the possil)le joys 
and sorrows of the future, which no animal can <lo. He can 
Entertain abstract concejitions of good and evil, of beauty and 
its opposites, of riglit and wrong. He can work out thc^ most, 
intiicate intellectual problems by })rocesses even mf>r<^ in 
tflcate than the jiroblems to be solved ; and finally, when we 
legard ma^ in the loftiest of his lelations, we find him in 
possession of a sense of responsibility, not only to his fellow 
int^, but to the Supreme Ruler of the Universe ; lu^ has 
almost always some abstract conception, however vague, of a 
Being whom his eye haMi not seen, but to whom his instincts 
tell him that he must one day render an account of his doings 
whilst on eaidb, and from whom he expends to ri'ceivc* a, 
ftiture life ; a hope in which the most develojjed of brutes lias 
no paH. 
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LECTURE I. 

In the three preceding lectures of this series, the chemiftil 
constitution of the Eiirth has been brought before you/ and 
my part in the course, as I understand it, is to* deal with 
the bodies, so far as we know them, which people space ;• in 
order tliat the earth’s true place in nature, so far as its 
chemical and physical constitution i% concerned, ^lay be *as- 
ceHained, and the retisons for that constitution inquired into. 

For tliis purix)se it is necessary that 1 should enter at some 
length into the constitution of those masses of matter which 
lie beyond the earth on which we dwell, and even beyond the 
system, and, it may be, the universe, of wliich we form a part. 
And you will naturally — some of you at least — ask, How. is 
it possible that such knowledge as this has been attaineit # 
Prof. Roscoe, w^hen he wished to tell you about the chemicjil 
cQimposition of the earth's crust, was enabled to bring before 
you specimens of its different constituents, and could tell you 
how these specimens had been handled and weighed and ex- 
perimented upon in different ways in his laboratory ; but when 
we have to deal with the chemical constitution of bodies so 
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many millions of miles remoTed from us that we know as a 
matter of fact that the light which now ena’bles us to see them 
mu^it have l«ft them hundreds of years ago, it is perfectly 
clear that such methods as those indicated by Dr. Roscoe are 
entirely powerless. In fact some other process is needed, 
with one exception. There are certain celestial messengers 
come to us from time to time which we can touch and which 
we can handle — I mean Meteorites, wdiich appear to us as 
falling stars or aerolites ; bright, beautiful objects, like those 
rockets wh^h are going up to-night, and which, fortunately 
for science, last long enough to come down to the solid crust 
of the eaii;}!, where they cool and where w^e may subsequently 
examine them, as Dr. Roscoe has already told you. But with 
this exception, it is clear to you that ordinary chemical pro- 
cesses are entii'ely out of the question. 

The progress of physical science has been in this wise : — 
As man has grown older the earth on which wo dw^ell has 
<lwtndled down. It l^egan as the centre of the universe ; it 
has ended a smal^ mass of mattei^ r(^"olving round w'hat 
probably is a small star — I mean the sun. But although tlie 
jirogress of science has been thus in a way to degnide the 
earth, I am suie you will think with me that man’s intellect 
has been a distiiKut gainer by the process ; for it is not too 
ujuch to say that as the earth’s place in miture has dwindled 
down, so has man’s mental horizon been extended. That is very 
u ell shougi by two fundamental considerations which 1 must 
bring before you in the first instance. In the year lb 10, or 
thereabouts, that is to say, about two centuries and a half ago, 
thanks to iihe labours of men in Holland and in Italy, but 
(diiefly to the genius eff the immortal Galileo, the telescope 
was invented, and we got an imtold addition to our men^tl 
wealth. The skies' were peopled by means of the telescope, 
and the earth, which up to that time had been suppose il 
the centre of everything, was put in its right phice; bodies 
vvoi% observed shining millions and millions of miles aw^ay — 
J^bdies which up to that time had bathed the earth with light 
without any response from the human eye ; and what was the 
result? Philosophers w^ere enabled to class all the shining 
orbs of heaven into two great divisions — those bodies, namely, 
which shone like the sun with a light of their own, and those 
whi^h shone by borrowed light. The bodies which were found 
bo shine by borrowed light and not by any light of their 
own were bodies which eventmlly were classed together 
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and termed the solar system — a family of planets which go 
1 ‘ound the sun, eaich in its proper path, each in its proper 
time ; which are lighted up by the sun ; which a^e wannejl by 
the sun, and to the inhabitants of which the sun is the foun- 
tain of every kind of energy. We have from this classification 
tlie first gi'eat grouping of celestial bodies into those which 
shine by# their own light, which, with the exception of the 
sun, are outside the solar system ; and into those which 
shine by reflected light,. which classification included all the 
]»odies of the solar system except the sun. Now J will throw 
<^n the screen a diagram of ijcie solar system, in order that you 
may exactly see which these bodies are, that reflect light, and 
in this case the light of the sun. I am very anxious 
indeed that you should understand the importance of this 
first classification, because the next one which I shall have 
to bring before you will go very much fu^flier into detail.. 
We have, as representing the bodies of the solar system, 
first of all in the centre the Sun, which shines by its «‘wn 
light; and next, i* tjj^e order of distfiiRce from it, Mercury, 
A'enus, the Earth, Mars, a group of small plamfCs called the 
Asteroids ; tlien after them, Jupiter, Saturn, Uranus, and 
No{)tune ; Neptune being the last member of the solar famil}^ 
HO far as our knowledge at present goes. 

When I call your attention to the next classification, T shall 
no longer have to refer to the illustrious Florentine, but %o 
your own townsman, Professor Balfour Stewart, apd to Pro- 
fessor Stokes. Their labours have given us another and more 
searching grouping, so to speak, by which we can go into 
much greater detail. This grouping is no longer lapsed on the 
teachings of the telescope, but on* the teachings of the 
8{)ectroscope ; and here, if you will allow me, 1 will state 
as briefly as may be the nature of this teaching, as you will 
find it of extreme importance, as we go along, to understand 
the terminology which I shall have to use. The *iniportant 
results to which we have amved — thanks to the work, of 
Stewart, Stokes, and others, and to the introduction of tlie 
sjiectroscope- can be shortly stated. * 

So long as Dr. Boscoe was telling you about taking a speci- 
men of iron and analysing it, and taking a specimen of calcium 
and weighing it, and so on, it might not have been perfectly 
obvious to all of you that before you could recognise^ the 
existence of that calcium, and before you could see the beam 
of the scale go up or down, according to the precise weight of 
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it, a certain connection had been esliiblislied between that 
Ciilcium, let us say, and youi*self — your consciousness, j But 
when I shall have to tell of the chemical constitution of bodies 
thousands of ^millions of miles away, the necessity for some 
connection between our eyes — our consciousness - and those 
distant objects, will force itself upon us ; and it is important 
therefore at the threshold that we should refer to it. These 
distant bodies are visible tQ us by means of theif unrest ; 
if all the bodies in space were absolutely tranciuil we shouhl 
never see them ; but the normal condition of everything in 
nature is a. state of most beautifub and excpiisite unrest. 
Scientific men call this a state of •vibration ; but we need not 
quarrel about terms. Everything in nature, far or near, is in 
this state of unrest, and if it wei*e not so there would be for us 
no external world. From every material substance, including 
these distant worlds, the vibrations of their sma.lJost i)articles 
•or of their largest masses come to us along a medium whi(di 
scientific men call ether, not that they know all about it, but 
because it is necessarj^ in order that their work muy go on at 
all, that tl^y should assume that the^e a something in 
finitely finer than matter, and not at all like the attenuated 
flatter which j>ervades all space. This ether forms the high 
way along which the vibrations due to the state of imrest of 
matter ti'avel to our eye, and afterwt>|*ds to our brain, thus 
begetting in our consciousiies.s the impression of the material 
• world. 

Here, then, we have a vibrjition of the most distant mass 
of matter in the universe communicated to our optic nerves 
by 'means of this ether. How comes it that any chemical 
knowledge jc;an be acquired concerning these bodies ? In this 
way. The spectroscope® tells us that when we break a mass 
of matter down to its finest particles, or, as some people 
prefer to call them, ultimate molecules, the vibmtions of these 
ultimate parts of each different kind of matter are absolutely 
distinct ; so that if 1 get the ultimate particle, sity of cal- 
ciush, and observe its vibrations by scientific means — what 
those scientific means are I shall show you by and by — we 
find that the kind of unrest of one substance- of tlie calcium, 
for instance — is different from the kind of unrest or mode of 
vibration — which is the same thing — of another substiiiu?e, 
let us say sodium. Mark well that I say when we have 
brought these substances down to their ultimate or to almost 
their ultimate finenesses, because until we have done so the 
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vibrations of the larger molecular aggregations are absolutely 
powerless to tell us anything about their chemical natur^ but 
they are full of teaching as to physical conditions. 

liow we kiiow that when w^e bring down a substance to its 
finest state and observe, by means of the prism, the vibrations 
it communicates to the ether, we find that using a slit in 
the spectroscope and making these vibrations fwiint differ 
ent images of the slit, we get at once just as flistinct a 
series of images of the slit for each substance as we would 
get a distinct sequence of notes if we were playing different 
tunes on a pjano. I have here a photograph which has been 
produced by such vibriitions. I Itope first to sliow you on the 
screen what is called the line spectrum due to the smallest 
particles of calcium and aluminium ; and if I am successful 
you will perfectly understand the meaning of the term line 
spectrum. Here are the lines by which the mettil calcium 
is recognised wlien the vibmtions of its finest particles are 
observed by means of the spectroscope. The two central line.s 
giv« you also the vibrations due to aluminium. If you look 
to the otliqj^ part of the screen you viill^hink perhaps tliat 
you are dealing with a different order of phenomena alto- 
gether, and in that you will be perfectly justified. In tnitli 
w^e have here on the same screen not only the line spectra of 
calcium and of aluminium, but wli.at i%termed the channolle<l 
sjyiice sjiectrum of carbon ; that is to say, while the calcium 
and^the aluminium have been driven down to their finest 
states of reparation by dissociation, the carlK)n has not been 
driven down so low, and therefore we get a different kind of 
spectrum. 

These vibrations having been rendered, I hope, intelligible 
l)y means of these dfh wings, this important consideration 
comes into play — tlmt whenever any element finds itself in 
this state of fineness and therefore com j>e tent to give rise to 
these phenomena, it will give rise to them in different degrees 
according to certain conditions. The intensest form in w liich 
th»y may be brought l)efore you is ol)served when we employ 
qjbctricity. In a great many ca.^^es tlie vibrations may be 
rendered very inten.se by heat. The heat of a furnace or of 
gas will, for instance, in a great mjiiiy cascfS, suffice to give us 
these phenomena ; but to see them in all their magnificence, 
their most eictreme ca.ses, we want the h'ghost possible tern- 
perjures, or better still, the most extieme electric ene^y. 
What w’e get is the vibration of these jmrticles rendered visible 
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to our eye by the bright images of the slit or by their bright 

But that is not the only means we have of studying these 
states of unrest. We can study them almost equally ' vvell 
if, instead of dealing with the radiation of light from the par- 
ticles themselves, we interpose them between us and a light- 
source of more complicated molecular stiucture, and hotter or 
more viofeiitly excited than the jmrticles themselves. From 
such a source the light would come to us absolutely complete, as 
it is coming to us now from that gas ; that is to say, a perfectly 
complete gamut of waves of light, from extreme red to extreme 
violet. I say that when we* deal with these particles between 
us and a light-source competent to give us a continuous spectrimi, 
then we find that the functions of these molecules are still the 
same, but that theii’ effect upon our retinas is different. They 
are not vibrating strongly enough to give us effectively light 
of their own, but they are eager to vibrate, and, being so, they 
are employed, so to speak, in absorbing the light which othei*- 
wise would come to^our eyes. So that \^ether we observe the 
bright spectrum of calckim or any other metal, or th<- absorption 
spectrum, we get lines exactly in the same part of the chromatic 
gamut, with the difference that when we are dealing Avit)'. 
radiation we get bright lines, and when dealing with absoip- 
tion we get dark ones, • 

Now tliat being so, it will be perfectly clear to all of y u 
that we have it in our power to enormously extend the 
inquiries started by Galileo. We need no longer d^e content 
with dividing the non-teiTestrial bodies into those which 
shine by their own light and those which shine by reflected 
light, but we may make a classification of this kind. We have 
first of all those bodies wliich we can study by means of the 
mdiation of their molecules, that is to say bodies in which 
the mere stjite of unrest, as I have ventured to call it, the 
mere giving out of light by the molecules of which these 
celestial masses consist, is the only thing in question. Then 
again, we have another class in which we deal not only with 
the mdiation of the interior, but with the absorption of the 
molecules or particles by which each body is suirounded. 
Then we have, to come back to Galileo’s classification some- 
what, those bodies which we observe by meiins of light which 
they reflect to us. Then again there may be, and in fact 
there is, a class of bodies which, although they send their light 
to us by reflection, still make this light, so to s^eak, pay 
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a second toll on its passage^ and it comes to us reflected 
and absorbed. 


Nebulje and Comets. 

When we examine into the various bodies which people 
the skies, we find that among those which can bft studied 
by means of their mdiation alone there are two . of the 
very largest groups. I refer to nebulie and comets. Ijet 
us first deal ^ith the nebulae. A very small telescope indeed 
is all that is requisite to see some of the most nnignificent 
nebulae in the heavens. I will throw on the screen Lord 
Rosse’s drawing of the nebula of Orion ; but l>efore I do so 
I should like to show you how the spectroscopic addition 
to our knowledge has been secured. For this purpose I 
^an show you a drawing of the eye end of tlie largest tele ■ 
scof)e in England at the present time, one belonging to a 
North-countryman, Mr. Newali, of Gateshead, and you will 
at'once und^'stand ho^ the spectroscoj:^ hits been used to aid 
the telescope to obtain these jidditions to our knowledge which 
I shall have to bring before you. Here is the eye piece end of 
Str. Newalls telescope, which, magnified in this way, is perbap.s 
about life size, the object-glass being soqie twenty-five inches in 
dityneter, and the focal length thirty or thirty-one feet. At the 
eye giece end of the telescope we have athujhed to it at the 
focus the spectroscope, with a number of prisms depending upon 
the amount of light which each heavenly body which has to 
be investigated gives out. In this drawing I have shown the 
greatest number of prisms which are used when it is a question 
of observing the sun ; but, as you will retidily understand, 
if instead of observing the light of the sim concentrated by 
this enormous instrument, it is a question of observing the 
nebulae and some of the fainter stars, then, as there is always a 
loss of light by making it traverse through any great thickness 
of glass, the number of prisms is much reduced ; so that you 
say broadly that we have the greatest possible number of 
prisms for observing the sun, and the smallest possible 
number of prisms, say one or two, for observing the 
spectra of the nebulse and the spectra of the fixed stiflrs 
— at all events of the fainter ones. I propose, in dealing 
botlpwith the nebulae and with comets, first to refer to the 
telescopic appearance of these heavenly bodies and then 

1 
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aflemards draw attention to tbe spectroscopic results which* 
hav^ followed. 

The question ot the chemical and physical constitution of 
the nebulce is one perhaps of the most interesting in the whole 
range of astronomical science, and it has occupied the attention 
of our most illustrious astronomers. Having now before you the 
modus operandi, Twill throw the drawing of the nebula, which 



Tio, 1— The oye-plece ond of the Newall refractor (of 25 mclies aperture) with 
spectroecope attached. 


in these latitudes is most easily seen with the smallest inslru-^ 
ment, and which, although it can be thus seen, is nevertheldNs 
one of the most magnificent objects in the whole heavens : 1 refer 
tq the nebula of Orion. The first thing that strikes us about 
tMs nebula is its intense Irregularity ; there seems to be nothing 
celei^tial about it. Here and there we have great waves of light 
going along in diffuse courses from the central portion. Here 
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and there we have stars surrounded by a smaller nebulosity. 
Here again we have stars without any nebj^losity at all f and 
look where we will, we see fleecy contortions and the most 
wondrous irrigularity. Now it was not to be wondered at 



that with the earliest telescopes the wildest guesses and the 
most profound thoughts were associated with these strange 
bodi^. If we look at the works of Tycho Brahe and others, 
before the time of the astronomers of the last century, we find 
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t hem fill occnpiiHl with an attempt at un<lerstanding the physit s 
find tlf.e (rl em’stry of these strfinge eosiniital masses. Some wei e 
(‘onteiit to look upon them as the dust ; others saw in them 
enormous star clusters so infinitely removed that ‘‘each eleiiM^uit 
of the nehiilosity might represent a single star, the single 
st iT- being so ffir fiwjty, however, that, like the Milky Wfiy. 
which we know to be composed of stars, to the miked eye the 
individuality of the stars did not come out. Tn the hist 
ciMitury however, wlien 8ir William Jlerschel with his 
wonderful perseverance at last luid succeeded in eclipsing fill 
former ojitieal instjannents by his magnific^ent fort:' feet instru- 
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ment at Slough, tlien indeed the scientific study of nebula* 
may be said to hsive eominenced, and in a few years he had 
made lists of thousands of nebuhe ; and his son, 8ir John 
HerseheL later went to the Cape and fidded thoirsands rn/a(\ , 
Nearer our own time the magnificent instrument of I.cnd 
Rosse, at Parsonstown, has added to our knowledge, so tluit now 
the list of nebula? is very considemble indeed. You will ask, 
rfas the wonder connected wdth these stiunge objects been 
reduced by extended obseiwations ? I think I shall l)e able 
easily to show you that it has not been so reduced. Hefe, so 
far as form goes, we get a complete absence of all form- - 
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il)s(>luto irregularity. Allow me to call your attention to 
Noiiie other drawings of nebula* ina.de by Loid Kosse, in wbit^b 
the inegulai^ty typilied by the nebula of Oiitm has given 
place to something absolutely ditTeieiit. Here we liave an 
ri p]U‘oxiina.tioii to form and regularity, altliougli the legu 
laiity is of different kinds. \\'e have sj)iral lu'buhe, annular 
nebula*, and, as 1 may term them, Sat urn in*' nebube. Tsote 
w ell the fact that the moment we leave tlu* e.\t leme iriegularitv 
(»t tbejiebula of Orion we always have to <lo w itli a conden 
nation of some kiml or otlier ; in .some cases with sometinng 
bi'tween concentric and spiral cowv<dutions round the central 
coiidinisiition. 

lleie is another .series of nebula* observed in the iirst in 
'^1an(e by JSir flohn Hensciiel, wliicb will intensify tlie classi 
fication to which I liave n'lerred. W’e ha-ve again spirals 
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and double spirals. Finally, 1 will show you one of th<* most 
itiagiiiliceiit spiral nebula* in the lieavens from tin* same set of 
drawings. You see that the c*entral condensation is bul, as it 
weio, by spirals in all directions, some of tlami having con 
<le;i^itions on the different bmnches. Now, Humholdt wa.s 
not ill possession of all these ob.servations w liieli J lia ve hr(*n 
a*>le to bring before you tonight, but he sums u]) in the first 
volume of his Cosmos tlie.se various forms of nebula* in a very 
effective way. This summary wall well repay ]a*jusal. • 
Now what are the modern ideas of the (*onstitution of tliese 
.sti'ijnge bodies f 1 have already referred to tlie ideas of Tveho 
I’ralie, (Jassini, and the earlier observers. The work of the 
two Herschels left it us highly probable that the:e nebula* 
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wore I’oally masses of cosmic dnst, so to speak, or some kind of 
^ast^l:)us or vapormis material, which took these strange forms 
l)ecause there was notliiiig solid about them. But when Lord 
Rosse, with improved optical means, investigated some of the 
iiebuho which had been called irresolvable — a name given 
he(;;inse no telescope up to that time was able to break the n 
up into sf^parate stars — he found tlmt his telescope did break 
them u}> into distinct points of light, and then for a time in the 
pre-spectroscopic age^ as one may call it, opinion swung round, 
and held that these nebula* simply appeared as nebula* not 
because they did not consist of stars, but because *they were so 
far away that we could not see the separate stars of w hich they » 
were composed. But not many years ago Dr. Huggins — to 
whom belongs the crtjdit of having first turned the spectroscope 
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on to the nebidje — was enabled to sh<;»w beyond all shadow- of 
a doubt, tliat we had in the nebuhe something absolutely and 
(*ouipU‘tely distinct from stars. Dr. Huggins found, on turning 
his s})e(?ti'oscojie upon several of the.se bodies, that the spectrum 
wdiich he got from all of them was most characteristic. It 
was a bright line spectrum, and there was one line which was 
common to all of tliein. In the lower part of the diagram the* 
bright lines visible in the spectra of the different nebula* ate 
shown ; and below, for purjxxses of reference, Dr. Huggins has 
shown the jiositions of vanous bright lines in the spectm given 
by other substances. There, for instance, in the blue green, 
is the bright line due to hydrogen ; theie is another line in 
the green due to magnesium ; a line in the yellow diit to 
sodium ; and so on ; and with these points of reference we 
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can easily deterniine the place in the spectrum of the tlii'ee 
bright lines which Dr. Huggins found to«l>e visible id the 
spectra of almost all the nebulae examined ; the diffeieiices 
betd^een nebulae and nebuhe, as I understand them, being in* 
dicated by the relative intensity of the lines, and the amount 
of continuous spectrmn associated with them. 

Having this enormous addition to our knowledge-*- the fact, 
namely, that the light given out by nebula* is j)erfe<^tly distinct 
from tlie light given out by stars— men of science were able 
to study the nature of nebula* from a perfectly new stand- 
point. • , 

One of the lines of the nebuhe is really coincident with a 
line of hydrogen, or, in other words, we have to deal with 
liydrogen gas when we are dealing with iiebulai. This has 
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V)een a most interesting and important pf)hit of departure. 
Dr. Huggins is of opinion that the nebula* consist of masses 
of hydrogen gas ; that there is nothing solid in the nebula*, 
that it is a mere question of incandescent hydrogen, associated 
with something else, the chemical constitution of which has 
not -j^et been thoroughly established, because Dr. Huggins, 
•wifii all his diligence, has not been able from his examination 
of the other chemical elements known, to get lines (jorrespond- 
ing to those other two which we saw on the screen. But 
that is not the only view held as to the constitution of nebuke. 
Sir William Thomson and Professor ^J'ait consider it ex- 
tremely probable that the nebulfiB, instead of l)eing masses of 
ga^may consist of clouds of stones. Now this at first seems 
BO entirely at variance w ith the spectroscopic result that it ig 
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not to be wondered at that the idea was at first considered to 
be sdrnewhat bizarre and strange ; but if one comes to think 
the matter out, one finds that there is a great deal of method 
in this strangeness, because Sir William Thomson and Pro- 
fessor Tait point out that if you had a cloud of stones, each 
one of which was in motion, and therefore liable to come 
into collision with some other stone now and then, you would 
get heat quite sufficient to render any circumambient gas incan- 
descent ; so that the phenomena of tlie spectroscope could be 
explained equally well on the assumption of a cloud of stones, 
providing always that you cquld at the same time Show reason- 
able cause why these clouds of stones were ‘‘ banging about 
in an atmosphere of hydrogen. But nebulae are not the only 
things in the universe which these distinguished Scotch pro- 
fessors imagine to be composed of clouds of stones. I think 
it is better therefore that I should postpone the further dis- , 
cussion of this point until we have become acquainted with 
the second class of bodies, which we study by means of tl^eir 
radiation — I refer t# comets. 

Comets. 

Now when w’e pass from a nebula to a comet, it is clear that 
w^e come to a body of a^)erfectly different order in the celestial 
economy. Comets are distinguished from the nebuhe in 
ways. The nebuhe, as a rule, are very far removed from uhy so 
far that we have not the least idea of the distance of any one 
of them — we know that they are not within certain limits, and 
that they are also at rest apparently among the stars, wl^ile 
the comets are erratic bodies, which a^e now in our system, 
and now out of it ; now close to us, and now infinitely removcil 
in the depths of space. 

Further, we know that the comets are not at all like the 
planets any more than they are like the nebuhe, because while 
our planets as a rule, excepting the smaller members or minoi’ 
planets of the system, keep to one plane round the sun, called 
the 2)lane of the ecliptic;, which we may liken to a lucecours^, 
round which all these planets pursue their revolutions — the 
comets do not keej) to tliis plane, for they are as likely to 
dash into our system from above or below as they are to come 
into our system on tlie same plane as the planets. But 
more than this, while all the planets of our system are bound 
together by a motion which is always in the same direction 
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round the sun, when a comet conies into our system it is Just 
as likely to go round the sun in an opposite diiectioif. So 
that in the cornets we have a complete dihereutiation between 
coiifet and nebula on the one hand, and comet and })lanet on 
the other. 

I have here two or three general views whieli will give you 
a rough idea of the telescopic appearjinces of the^t^ strange 
visitors to our system. The peculiarity connected with comets 
generally is a double one — they have a bright head, and they 
have one or two or several appendages, called tails, whi(di go 
from the lieifid in a certain direction. There vs e have a, comet 
with two tails — here^ with three ; but tliese are not dilTerent 
cornets ; that is the comet which appeared in 18oS, as seen at 
two different times. Tliese views wdll give you a general 
idea of the appearance of comets, and of the way in which 
they travel among the stars. The physical interest of cornets, 
which I shall have to call your attention to, is more inti- 
majbely connected with the heads tlian w ith tlie tails ; and I 
shall therefore hope to show you two or tiiree more di*awings, 
in which tl^e heads of those comets wdll be in (juestion. Tlie 
characteristics of the heads are cTiietly these that in some 
(•Jises we have to deal with wdiat are called jets. Tlie briglitest 
|)oint is called the niudeus of the comet, and the jet-s ai'e so 
(jailed because they seem to shoot outf from the nucleus very 
as the sparks slioot out of a squib. 

l^rawiiigs of a comet, as seen at different times, sliow Iiow 
these jet.‘^vary in appearance and direction. Instead of jets, 
some comets present phenomeriji of a very dilTei tmt charactm*, 
caWed envelopes, wdiich are tlirown off* concentric^ally from the 
nucleus. These envelopes are indicated in this drawing of a 
comet, rrig-do by Father Socchi in Rome. Th(\se then are the 
two physical peculiarities about the heads of comets ; ami 
you will see at once that we have something perfe*ctly dis 
tinct from the nehiihe and the j)lanets, and tliat one class of 
comets is at first sight different from another. Tl»e env(do})(\s 
have been observed to rise from the nucjlens with jHU-ftHJt 
afid exquisite regularity in exatJtly the same way that tln^ 
jets swing backwards and forw^ards. 8o rnnclj then lor a very 
rough telescopic idea of the phenomena of comets. 

What then says the spectroscope 1 I will now' show you the 
diagium w^hich I showed you before, in order to call your atten- 
tion to another pai*t of it. Formerly I (jailed your attention to 
the spectrum of the nebulaj. 1 will now call your attention 
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to the spectrum of comets, and I am glad to have both the 
diagAims on the screen at the same time, because you will 
see that the spectroscopic difterence is just as^ great as the 
telescopic difference. Now let me ask you to recall one of the 
first photogmphs I showed you — that of the carbon spectrum 
— and my definition of the channelled-space spectrum. You 
will at once recognise, I am sure, that here we have exactly 
that same kind of channelled-space spectrum that we had 
before. Hide by side with this channelled-space spectrum. 
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which is the spectnim of carbon, we have the spectnim of 
the comet, and you will see that the family likeness is very 
considenible, although it is true that the brightest portioiks of 
the spectrum of the comet are not absolutely coincident wiih 
the brightest portions of the spectrum of carbon which IVfi*. 
Huggins has drawn in the upper part of the diagram. What, 
th{^n, is the meaning of this spectroscopic result ? It is stated 
that if the spectroscope tells us anything, it tells us that we 
have to deal with carbon, or with hydro-carbon, as certainly in 
the case of comets, as we had to deal with hydrogen in the base 
of nebula. Here then we have a definite result with regard 
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to the brighter portions of the comets, that is to say, 'the 
nucleus, the envelopes, and the jets ; but how about the*tail ( 
The same imjtniment, and the polariscope, when brought to 
Lea/ on these longer appendages of comets, tell us that there 
we have perhaps no longer to deal with hydro -carbon, cer- 
tainly not with hydrocarbon in a state of considerjible unrest, 
for we do not get the characteristic spectrum of hydiAo-carbon ; 
we get apparently from the tails merely sun-liglkt retiected. 

we then fo say tliat comets are built up of liydro-carbon ? 
No. Here again Professors Thomson and Tait come in and 
insist strangely enough that con^ets as well as nebula* are 
nnasses of stones ; that, in short, a comet is a bit of a nel>ula, 
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differing from a nebula in this, that it is in violent motion 
as a whole, while the nebula is apparently at rest as a whole. 
You will find in Good Words of a few months ago an 
impoBtant article by Professor Tait, in which he goes into this 
sjut^ion at very gretit length. He shows that if we have in 
the head of a comet a mass of stones, like a swarm of bees, 
banging about, and, at the same time, moving in an orbit 
around the sun, or it may be in its long path from the centi;p 
of our system to the centre of another system, and the stones 
colliding, you wull get heat, and some gas will be evolved ; 
som^ members of the mass will be quickened, while other 
constituents of the mass will be retarded in tbeii* motion, and 
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that in this way you have .a probably sufficient explanation 
of the various forms which the telescope has revealed to 
us. And then finally he goes on to show tjiat the result 
of these collisions would be such a smashing up of the consti- 
tuents of the swarm that much finely-attenuated material would 
be left behind, sufficient to reflect sunlight, and to give rise 
to the piienomena of the tail. 

Now, curiously enough, while these ideas have been evolving 
themselves, a distinguished Italian astronome*!*, Schiaparf>l']i, 
had also arrived at the conclusion that comets were closely con- 
nected with swarms of meteors ; and he arrived at this conclu- 
sion by an examination of the paths of the meteors and the path» 
of certain comets. Astronomers now know exactly when to 'look 
out for what tliey call a meteor-swarm, or a mass of shooting- 
stars. They know, for instance, that on the night of the 
20th of April they will most probably see shooting-starv 
coming from the constellation Lyra, and these shooting-stars 
they call the Lyiiad shower. They know also that oi\ the 
1 0th and 1 1 th of •August they will see other shooting-stars, 
this time coming from the constellation Perseus.* These also 
they Ciill the Perseids. On Nov. 13 and 14 the Leonids may 
be expected, that is to say, that then is the time to look out for 
shooting stars which a)me from the constellation Leo. Now 
if astronomers can tell you that on a certain night — that is 
to say, when the earth is in a certain position in its 
shooting-stars will appear to come from a certain part df the 
heavens, namely, some pxrticular constellation, it is because 
they have become acquainted with the path of those meteors 
round the sun. They have, in fact been able to get a •very 
concrete idea of the orbits of those liieteors, in the same way 
that we have a concrete idea of the' orbit of the eiirth round 
the sun. They can tell exactly where and when they cut the 
plane of the ecliptic, and other things which I need not bring 
before you in detail. After comets have appetired two or three 
times, astronomers can also form an equally definite id^a of 
their orbit round the sun. Now, what Schiaparelli did waS 
this — he compared the orbits of these meteoric swaniis with 
those of some of the comets, and he found some of them iden- 
tical. For instance, in the case of the shower of April 20th in 
each year he found that there was a comet observed carefully 
in 1861 with absolutely the same path ; for those shooting- 
stars which nidiate from the constellation Perseus on^iOth 
August he found that a comet observed in 1862 had exactly 
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the same path; for the Leonids, which appear on 13th and 14fr.h 
November, he found that a comet, observed and calculated out 
accurately in the year 1866, had exactly the* same path. And 



Flo. 10. — Diajjram showing the paths of Comet I., 1868, and III., and their 
accompanying meteor swarms, and the points at which they cut the earth a path. 


then with regard to the other principal group observed on the 
27th and 28th November, he found that the falling stars 
seei^ in the constellation Andromeda on those nights had 
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e^ctly the orbit as a very well-calculated and most remark- 
able comet named after Biela the astronomer. Now, of course 
this suggestion oJ Schiaparelli gave an enormously increased 
interest to the investigation both of comets and meteors, and 
when the question was thoroughly gone into it was impossible 
to avoid the conclusion that when we have a shower of falling- 
stars we practically ai e going through part of a comet ; and 
that when we see a comet in the sky we actually are seeing 
the behaviour of a swarm of meteors ' at a disLyice. 

I hope to commence my next lecture by refe^;ring to some 
other considerations with regard to these meteorites, and then 
to call your attention to some experiments which suggest* 
that the conne(?tion between meteors or falling-stars, comets 
and nebuhe, is of tlie very closest description. 
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In The latter part of the last Lecture 1 lofenod to tlie 
chemical constitution of comets, so far as the spectroscope 
enables us to determine this constitution : and I endea-vourtMl 
4 jo point out to you what the telescope had revealed to us with 
reference to their physical constitution. 1 also aj^^ain dwelt 
on •one of the great triumphs of modern astronomy • 
namely, th^ discovery by Schiaparelli of tfte intimate connec 
tion between falling stars and comets. 


Meteorites. 

from the falling star to the meteorite is a step so 
smal^ that nothing need be said about it by me tt) night. The 
dillerence Ifetween a falling stiir and a meteorite is simjdy this 
— that a falling star is a small mass of matter which is 
entirely burnt up in its passage through tlie higlier regions 
of ©ur air, whereas the meteorite is a falling star big enoiigli 
to give some residuum after the energetic a(;tion of 
heat has w'orked its will upon it in passing tlirough the 
atmosphere. Observations of the rapidity with which falling 
stars and meteorites tiaverse our atmosphere have shown 
beyond a doubt that a meteorite could tmvel, say from 
Manchester to London, in as many seconds as an express ti'jiin 
talfes hours. You may imagine, therefore, that owing to this 
very mpid motion through a medium — and a medium con- 
stantly increasing in density — such as our air, that a consider- 
able resistance is ofiTered to the passage of the meteorite. 
This arrested motion in process of time becomes developed 
intol^hat we call heat, and as a result in all crises we get 
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luViinous effects, with this difference, tlmt, whereas in the case* 
of Ijie falling star, the luminous effect is the only thing 
we get, in other "cases we get in addition to it the actual 
descent of what we may term a celestial messenger from 
the depths of space. Of course, having these meteorites — 
these larger masses — falling to the earth, so that we can 
handle them, a great deal has been learned about their chemi- 
cal and jihysical constitution, as Dr. Koscoe has already told 
you. I need not dwell at any great length uj)on this, after 
what Dr. lloscoe has said ; but I may state that, geneiic/^lV, 
tlje.se celestial messengers may be divided into four groups. 
We have those which ai^ almost entirely metallic. We 
have those which aie almost entirely stony. We have thos(t 
in which the metallic and the stony constituents are irfixed 
in various proportions ; and in a fourth, or last class, in 
addition to the materials to whicdi I have already referred, 
there are to be found various combinations of hydi*ogen Avith 
carl)on, termed hydro-carbons. 

We h.avo, therefore, in the languageof the meteoric chemist, 
sidei’ites, those whtch contain iron ; aerolites, thoge which are 
chielly stony ; siderolites, which are mixed, half stony, half 
iron and nickel ; and then again the carbonaceous group, 
(knaing from this generic chemical grouj)ing, a word may be 
said as to their aj)pea|;ince. And here, if you wull read (for J 
cannot go into this question in any great detail) the writings 
of Maskelyne aiid Hoiljy, you will become aequaintedp««^'ith« 
some most extraordinary facts and coincidences^ Some of 
the meteorites are stated to exactly resemble volcanic l>ombs ; 
others resemble volcanic tufa ; others again boar evidence of 
having being subjected to actions which we know notbiing 
whatever about in this earth of ours. • Mr. Sorby, for instance, 
has gone so far, and I have no doubt perfectly justi^-ably, as to 
state that in some meteorites which he has examined micro- 
scopicully there is evidence to show that they w^ere formed 
in a region where, so to speak, there was no gravity ; that io 
to say, far away from the surface of any such body as tlfe, sun 
or our ejirth. When we come to the actual chemical elements 
which these meteorites contain, we find ourselves in a region 
wliere knowdedge is extremely rich, compared to what it is 
aV present in the case of nebulse and comets. It is antici- 
pating matters somewhat, but it is worth while to state that 
the complete list of the metallic elements of meteori'^s is 
almost identical wdth the complete list of metals in this list 
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(Table of Elements contained in the Sun, page 1 36). Jt is 
more than a coincidence, I think, that the Chief niotallic con- 
stituents of i^eteorites are almost identical mth the chief 
metallic constituents of the sun. But stmnge to say, this is 
by no means the case when we come to leave on one side the 
metallic elements and come to the metalloidal ones, such as 
carbon, and sulphur. Up to the present moment thei*e is no 
published observation of the existence of any metalloid what- 
e^H^in the sdn’s atmosphere. That does not sjiy they do 
not exist ; but at present we know nothing detinite as to 
their existence. 

Given these meteorites, and assuming them to be the 
jnetcforic swarm which Schiaj>arelli postulates for the comets 
— that is to say, supposing that we see first in tlie heavens 
a body which we call a comet, observe it with the s{)ectro- 
»cope, and get from it the spectrum of hydro-carbon ; and 
then suppose that subsequently this very same body, con* 
sistiiig, according to liypothesis, of a swai*m of met:eorit43s, 
t;omes into j^ur air and gives us the a[>pearailce of falling stars, 
and probably also the occurrence of a fall of a meteorite or two, 
- - what would most probably be the source of the luminosity 't 
A Ail matter of fact what W’e do see when these bodies enter our 
atmosphere and are rendered incandesce^^t by arrested motion, 
in the manner which I have already referred to, are Kj>ectro 
ecoj^^' vulications of the existence of sodium. The bright yellow’ 
of a falling ^tar is due to incandescent sodium vapour, sodium 
being that among the elements of all meteorites w’hich is most 
volatile as a metal. Next after that, in the cases where 
brillftincy is extreme, and where the yellow’ colour of the 
falling star givds place t<? brilliant white oi’ even to a dazzling 
bluish white, we get added to sodium indications of magnesium. 
Ajid after that, in the case of falling stars brighter even than 
those which I have already supposed, wo have added to the 
sodium and the magnesium unmistakable tnices of iron vapour. 
Now; ^is shows us vei*y distinctly that if — I say if — according 
td this hypothesis, we really do get as falling stars what we 
get as the head of a comet, the temperature of a comet is 
much less than the temperature of the falling star while it is 
{)assing through our atmosphere, because in the comet we onl}’ 
get a temperature high enough to render the most volatile 
constituent, hydrocarbon, incandescent, whereas we have 
pass^ that stage altogether when the meteorite comes into our 
atmosphere and the incandescence of hydro-carbon is replaced 
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by incandescence of magnesium, sodium, and iron vapours. 
There is, therefol^, abundant proof on this hypothesis that 
the temperature of a falling star, when it is psi^sing through 
our air, is higher than the temperature of that same mass 
of matter when it formed part of the head of a comet. 

There is one point to which I think I may be permitted to 
draw your attention, although at present it rests merely upon 
an unendorsed obseiwation of my own. I thought it would be 
worth while to try what would happen if I enclosed speciy\.xis 
of meteorites, taken at random, in a tube from which I sub- 
sequently exhausted the air by a pump. After £he pumping 
had gone on for some considerjible time, of course we got* 
an approach to a vacuum ; and arrangements were ihade 
by means of which an electric spark could pass along this 
apparent vacuum, and give us the spectra of the gases evolveil 
from the meteorites. Taking those precautions which art 
generally supposed to give us a spark of low temperature, 
and passing the current, we got a luminous effect which^ on 
being amilysed by the spectroscope gave us that same spectrum 
of hydro carbon which Mr. Huggins, Donati, and others have 
made us perfectly familiar with as the spectrum of the head 
of a comet. There then we get the atmosphere of meteorites, 
not necessarily carbonaceous meteorites, but meteorites taken 
at random ; and this atmosphere is exactly what we get in the 
head of a comet. 

Now let me go one step further ; and to take that step 
with advantage, allow me to refer to another point noticed in 
the last lecture, which was this — that whereas Schiaparelli had 
connected meteorites and falling stars with comets, Professors 
Tait and Thomson, on the other haiM, had connected coniets 
with nebuhe, both of them being, according to thoso»physicists, 
clouds of stones. Now how was one to carry these spectroscopic 
observations into the region of the nebulre 1 A Leyden jar was 
included in the circuit, and we had what is generally supposed 
to be an electric current giving us a very much higher tem- 
perature than we had befor^. What then was the spectrum ( 
Tlie spectrum, so far as the known lines w^ere concerned, was 
the spectrum which we get from the nebul»; for the hydro- 
carbon spectrum, which we get from the atmospheric meteor- 
ites at a low temjierature, was replaced by the spectrum of 
hydrogen ; the spectrum of hydrogen coming of course from 
the decomposition of the hydro car&)n, with the curious but at 
present unexplained fact that we got the spectrum indications 
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of hydi’ogen without indications of carbon. In my laboratory 
work I have come across other curious crises in which com- 
pound vapouip when dissociated only gave us one spectrum at 
a time — by which I mean that in a vapour consisting of two 
well-knowm substances, under one condition we only get the 
spectrum of one substance, and under another condition we get 
the spectrum of the other substance alone, so in othof's again of 
both combined. The e\ddence seems therefore - tliough I do 
!^!i^)rofess speak with certainty — entirely in favour of the 
ideas of Sir William Thomson and Professor Tait on the one 
hand, and m Schiaparelli on the f)ther. I note this because 
’I shall have again to refer to the conclusion to be drawn 
froifi it, namely, that there is probably an intimate connection 
between nebuhe, comets, meteorites, and falling stars. 


The Stars. 

Concluding what I have to say* with regard to the first 
great group of the heavenly bodies, namely, that group which 
can study by means of the radiation of light apirt from 
absorption, 1 w’ill now take up the n^t class, consisting of 
tboFe bodies which we study by absoiption. 

► WHfit do I mean when I say those bodies which we study 
by iTbsorption? I mean this — that wheieas in the case of 
the radiation of light the vibrating moleiailes directly commu- 
nicate with us and set in motion the ether which ultimately 
comes to our eyes ; in absorbing bodies, on the other hand, the 
vibrations whiCh we stu(^ have been set in motion not directly, 
but by thewintrinsic vibration of other bodies fiiHlier from us and 
more violently agitated than the vapours themselves. In oilier 
words, if you assume a mass of matter which is competent to 
give you every >vave length of the spectrum — that is to sa}', 
a cj^htinuous spectrum, and if you assume around it indi- 
fi dualised vapours at a lower tempenituie, those vapours, 
although they cannot be studied by their radiation, if they 
are not hot enough to allow their lines to be seen as bright 
lines on the bright background of the continuous spectrum, cdfn 
still be studied by their absorption, because they are made to 
vibrate by those w'ave lengths given off by the interior mass 
pas^ng through them with which they can synchronise. There- 
fore we pass from those celestial objecU which we study by 



132 MANCHESTER SCIENCE LECTURES. 

meam of their bright linei, to those other bodies which we 
study by their dark lines ; we pass from radiation spectra to 
absorption spectra. 

What bodies in the skies then can we get at by this means 1 
We have already, by means of radiation, been able to gather 
several secrets from nebulee and from comets, which are the 
objects which we can study by means of their radiation alone. 
The most numerous class of bodies in the universe, so far at 
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all events as we are able to grasp the universe, are what we 
term the fixed stars, including, of course, our sun. 

In order to make my meaning quite clear, I will throw 
upon the screen a drawing which we owe to Father Seccfii, 
which will give you at one view several typical spectra of the 
fixed stars. When we pass from the nebulae and the comets 
we pass from bodies whi(sh have almost identical spectra 
in each case to bodies in which the spectra are very difPe^nt. 
This diagram shows us the different classes into which the senes 
ihA^y be grouped the moment we put this spectroscopic question 
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to them: What lines have you in your spectrum! or Vhat 
channelled spaces have you in your specti^m l We have at 
the top, you|see, the spectrum against whicli is written the 
woitt solar ; ” and that means that we have there in our sun 
a representation of a large number of stars, which, be it also 
remarked, may be large or small, for tliis classifictition ap- 
parently does not hold good for the different magnitudes. 

Then, again, ^vo have a spectrum which is common to a great 
lHttid)er of tlfh most brilliant stars in the heavens ; and the 
difference between that spectrum and the upper one is that it 
has a muclTsmaller number of lines, and that these lines are 
'thicker. Anothe^r spectrum is somewhat like the solar sj ec- 
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Fi( 5. 12.^Tlie tlireft clgef types of spectra seen in more detail. 


trum, so far as the number of lines is concerned, but some of 
the lines do not agree in position with the lines in the solar 
spectrum. Now, in the three spectra to which I have already 
callgJ your attention you see that we have unmistakable line- 
at)sorption ; and, in the light of w’hat I ventured to bring 
before you in the last lecture, I hope you will quite un- 
derstand that we have evidences in the atmospheres of those 
stars that the elements are broken down to their ultimafe 
degree of fineness. But when I call your attention to the 
other four stellar groups, you will find it is no longer a 
quel^ion of line absorption ; instead, indeed, of a spectrum, 
resembling the spectrum of calcium and iron, which I showed 
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you^in the last lecture, we have now most distinct channelled 
spectra, which will remind you of that beautiful photograph 
of carlMjn, That carbon vapour we know wa^ more compli- 
cated than the calcium vapour and iron vapour with "v^hich 
it was mixed. We have then, so far as this diagram can 
show us, diflerent kinds of absorption going on in the stars ; 
so much* so, that we can divide the stars into groups, first, 
according to whether or not their absorption is the line- 
absorption or the channelled-space absorptioh ; and tj)^ *, 
again, according to whether the absorption is indicated *00 us 
by many thin lines or by.few thick ones. I hkve another 
diagram here which will enable us to go somewhat more 
nto detail. This diagram we also owe to Father Secchi.® It 




Fio. 13.— spectrum of • Oriouis compared with that of Siriua 


sliows you with what extreme care this kind of observation 
has already been commenced and what detail has already been 
acquired. We have in the upper part a drawing of the 
spectrum of u Ononis, from which you will gather that the 
first drawing w^hich I brought to your notice was onfy, in- 
tended to give you the generic diflterences between the stal* 
classes, and not the special differences. Difference between 
a star of the type of the sun and of a star of the type of 
Sirius becomes much more clear and definite when we have 
the opportunity of observing the enormous number of lines in 
the stars of the sun type and the comparative freedom from 
lines of the stars like Sirius and Vega. In order to ^ter 
still further into detail in the case of the nearest star, 1 
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will throw on the screen a photograph of a large pari of 
the solar spectrum, which we owe to Mr. Mutherfurd of ^ew 
York. Thi| will indicate to you the extreme importance 
of getting the sun to do as much work for us as it can 
in the way of lecording its own chemical constitution by 
means of photography. Tliis photogmph is on such a scale 
that in order to include a small poi'tion of the spectrum it has 
been necessary to give it in five successive strips, the less 
^l^ngible Ifhes being to the left at the top, and the most 
refrangible to the right at the bottom. Now, the chemical 
constitutioff of the sun and stars* so far as the detail is con- 
corned, consists in finding out, as I am suie you all know, to 
the»absorj)tion of what particular element each of these lines 
is due. Now there, for instivnce, in the line F, we know that 
we have to do with hydiogen. We know that in the line near 



Fig. 44. — Copy of a photograph of the solar spectrum in the region of the think calcium 
lines, by Lockyer. 


(I ^e have to deal with hydrogen again, and that a great many 
of these ver 3 »complex ynes about G are due some of them to 
iron, some to calcium, and some to strontium, and so on. 
Coming to the extreme limit of the visible spectrum, v>e find 
lines thicker than all the rest, and those lines we know to bo 
due to calcium. The reason those lines are apparently thicker 
than all the rest seems to be that probably there is more 
<ic^Jcium than anything else in that particular part of the sun's 
atmosphere where this absorption takes place. 

Now that remark opens up the kind of inquiry which is 
possible to us when we wish to inquire into the chemjpal 
constitution of the stars. We have the position of the lines, 
the number of lines, and the thickness of the lines ; and, let 
m IT add, when we get definite evidence of change, we want to 
know the change in the thickness of the lines. Now, when 
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we '‘gome to deal with the first class of stars, the brightest 
and the bluest in*the heavens— stars such as Sirius and Vega 
— much brighter and probably therefoie hotter ^than our own 
Him— we deal with the extremest simplicity of chemical Vjon- 
Htitution. We seem to be dealing almost entirely with hydrogen 
alone. I say almost entirely, because there appear in the best 
instiTiments traces of sodium and magnesium — those metals 
we have already been familiarised with by our reference to 
meteorites— in addition to the hydrogen ; but that simpliji^;' 
of construction of the spectrum which you saw on the screen, 
and the thickness of the lines, taken in connection with the 
position of those lines, indicates to u,s that the atmospheres oft 
those stars are composed to very great extent of hydrogem 
When we pass to the stars of the second class, such as our sun, 
the chemical complexity is very much gieater. If we take the 
sun as a type of stars of the second class, many of the elementso 
present in its atmosphere have been determined with almost 
absolute cwtainty 


TABLE OF ELEMENTS IN THE SUN. 


Co ROW A li ATNfOS^lIKKK 


1474 irtuff (new element ?) 
Hydrogen, sub-incandescent. 


Chromosi’iierk . 


I Hydrogen, incandescent 
Helium (new element ?) 
Calcium 
Magnesium. 


Spot Zowk 


t Solium 
Titanium 
Chromium ' 
? Alumiifium. 


RKVEasiNo Layer 


Iron 

M ang: iiese 

Cobalt 

Nickel 

('oppcr 

Zinc 

Potassium 

Strontium 

Barium 

Cadmium 

Lead. 


Besides which there are indications that other metals maydbon 
be added to the list, vanadium for instance. The stars then 
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of the second class, of which onr sun is one, have atmospheres 
composed of these elements. Here, as ki the case of tlie 
meteorites, Q|ir knowledge is already great and is rapidly 
inc^asing ; Out when we come to the red stars, to the stars 
which give us channelled space absorption, there up to tlie 
present time our knowledge has been exti*emely limited. We 
have not been able to study the molecules of elemenUiry bodies 
and compound bodies under those conditions at which they 
fljjers the diannelled space spectra to such an extent as wo 
haw been able to study them under those conditions at whicii 
they give Tft line spectra. The r^ult is therefore that when 
we come to the third class of stars with these channelled spaces, 
science at the present moment recoils, and is compelled to say 
that she does not know of what the atmospheres of these stars 
is composed. But again, in the light of the photograph w^hich 
I showed you in my last lecture, we can come to certain 
very definite ideas. For instjinco, we have no difficulty in 
coming to the conclusion that the star in which wo get the 
channelled space absorption must be cooter than the star in 
which th(? absorption is of the lino kind. It is not at all 
impossible that science, by taking an entire survey of the 
whole of space, may, in not a very long period, be in possession 
of such facts as apparently she could only have accpiired by 
having been present in all points of ^iimo ; we may get, in 
fact, from different regions of space, conditions which have 
happened to the same body at different epochs of time ; ami 
already it*is not, I think, too much to suggest that when we 
get .a star with a channelled space absorption we have got a 
co(Jing star, the absorption of which must once have been 
of the line kind ; ther^tfore the stars which now give us line 
absorption as they get cooler must give us channelled space 
spectra, and so on till they become dim and cease to give us 
light altogether. 

All of you, I am sure, have been struck, one night or 
anoiJher in your lives, with the exquisite colours of some 
Stirs. There is no sfimeness in Nature. The colours of the stars 
afe not so well seen in Manchester or in England generally a.H 
they are in the tropics and in more favoured lands ; but still 
we do, if we take the trouble, easily see evidences of the mpst 
beautiful coloration amongst these celestial bodies. Nor is 
this all. More careful observations of the stars make it 
abSTolutely clear to us that they vary very much in the light 
which they give out ; and it is also known that the variation 
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of Volour may go on pari passu with the variation of their 
ligh^. We owe the fost important suggestion on this point 
to Angstrom, who showed that if in the atmos|here of a star 
we imagine the molecules at what we may term the critical 
point, and suppose them to be in a condition of heat which 
enabled them to give the line spectrum, and also near that 
reduced t^mpemture and possible association at which they 
could give the channelled space absorption, a very small reduc- 
tion of temperature would at once change utterly the ajnou^< 
of light given out by that star. For instance, if you asSSme 
that stars of the third clas^ were once stars of th© second, we 
know that if the change could have taken place suddenly, it* 
would have appeared as if these stars lost a great deal of their 
light, and that the yellow light was gitidually changed to 
red. Now the variability of stars can go to such an extent, as 
I have already hinted, that a star will go out altogether, so far 
as our powers of seeing it are concerned. And again we may 
perceive a star in a region of the heavens where a n^ht before 
no brilliancy was visible. How can we account for this “? So 
far as the physics of the stfirs are concerned, the m^ely chemi- 
cal considerations would at once explain to you how it was 
that a star should by and by lose its light. The cooling of the 
atmosphere, and the consequent increased absorption of the 
molecules of that atntospheue, as they got more complicated 
by the reduction of temperature, would be quite sufficients to 
stop all light which came from the nucleus. When we inqiiiie 
how it comes that a sttir may suddenly shine ouf where no 
star ever shone before, there the law of uniformity, the law of 
continuity, does not come to our rescue so w-ell as it doe^ in 
the first case. We do want there something like* a catastrophe. 
You recollect that a few years ago Dr. Huggins was enabled to 
make a most important series of observations on a star which 
broke suddenly into intense light and then faded away into 
the utmost bounds of visibility. Now there it was found that 
the light of the star, changing %s it did, gave rise to perfectly 
different spectrum effects. That star when it was only oS % 
certain definite brightness, as it was at first seen, gave mS a 
spectrum with dark lines similar to those I have thrown on 
the screen ; but when its maximum biilliancy was reached, 
the character of the spectrum changed — a spectrum of bright 
lines was added ; and then we had an indication of a ne'w^ class 
of bodies, namely, those bodies which we study both by their 
radiation and absorption. So much for the facts. 
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The Sun. 

We will now pass to the sun, so that we may be able to 
build any conclusions with regard to the causes of these 
phenomena in the case of the moi*e distant bodies on some- 
what firmer foundations than we could have done had we 
not this big star close to us to refer to. In the first place, 
i^^uld lik^ to show you that the statements which have 
be^^ made with regard to the chemical constitution of the 
stars rest ffpon a basis sufficiently firm to justify me in bring- 
ing them before you. Dr. Huggins, who was the first to 
obseiwe the spectra of the stars in a manner which left 
nothing to be desii’ed, so far as eye observations were con- 
cerned, made comparisons’ of the dark lines of the stars with 
the bright lines of the different elements in the same instru- 
ment at the same moment. A very small addition to that 
method, namely, the introduction of photogi'aphy, enables us 
not only to do this, but to make a record which is good for all 
time. I propose therefore to illustrate tlie method by throw- 
ing upon the screen two photographic comparisons, the object of 
\>diich was to determine which were the lines I have ah oady 
shown you in the solar spectrum, which were re.illy due 
to the vibration of the particles of ii*on vapour in tlie atmo- 
splfere of the sun. For that pui*jx)Fe all that one had to 
do Was first to photogiuph the spectrum of the sun, and 
then on die same plate and by the sixme instrument, undei* 
absolutely the same conditions, photograph the spectrum 
givftn by the iron vapour. You will see the result on the 
sca’een. Of (^irse such#a photograph has to be made for every 
chemical element the existence of which in the sun we wish 
to study. I may remark, in passing, that the only difficulty 
in illustrating this kind of inquiry is the impossibility one 
labours under of ever getting a chemical substance which is 
absdiutely pure. We have now on the screen, on a very largo 
fbile indeed, that part of the solar spectrum which in Mr. 
KhtheHurd’s photograph was to the extreme right at bottom. 
Here are the two calcium lines which you saw before, and 
which are much thicker than any other lines in the spectnHii. 
The dark lines are the regions where there is no light to paint 
the image of the slit in consequence of that light having been 
ab'^orhed by the iron vapour in the atmosphere of the sun ; and 
above these dark linesyou have the images of the slit painted by 
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the vibrations of iron vapour, not in the sun’s atmospliere,yr)ut 
in a laboratory at South Kensington. If you will take^the 
trouble to compare the more definite lines you will see that 
ther6 is a perfect coincidence between the bright linos and the 
dark ones which are caused by the iron vapour of the sun. 

The next diagmm ^ is, if anything, more intei'esting still. In 
this one we are dealing not with iron but with manganese. 
We have, you see, bright lines coincident with the dark lines 
tll^jalcium, Ifht these are due to calcium impurities. I am 
an^iohs to call your attention to a group of four lines in the 
solar spectrfTm and a broad band (^f light, corresponding with 
\hese in the spectrum of manganese. There are three bands 
of «^^l)sorption on this band exactly coinciding with the throe 
more refrangible lines in the solar spectrum to which I have 
drawn attention ; that is to say, we not only in that }>hoto- 
^'raph got absolute proof that those four lines in the solar spec- 
trum are due to absorption at the sun by vapour of manganese, 
but.we get the vapour of manganese in a laboratory doing for 
the more incandescent manganese what the (futside sun does for 
the inside sun ; we have in fact the cool vapour of manganese 
around the incandescent manganese giving us nearly the same 
absorptive effects as the manganese vapour does at the sun. 

So much then for the method of acquiring these chemical facts. 
If we merely had that method, we should be able to say that 
•cerf!?iin substances exist in the sun ; but that would scarcely bo 
enod^h. We don’t want to know merely that such and such sub- 
stances exiSt in the sun or in a distant star ; if possible, we want 
to know whereabouts in that star the particular substance lies. 
Now for that purpose we have to consider these spectroscopic 
results in conlfiction with the telescopic results. What I mean 
by telescopic i*esults will be brought before you by throwing 
on the screen in the first place a photograph of the sun 
which again I owe to the kindness of Mr. Kutherfurd of 
New York. Here is the sun on an enormous scale, photo- 
^a^ hed by itself. 

The Chemistby op Diffebent Pobtions of the Sun. 

Now if instead of observing the sun as ordinarily visible, lye 
observe it during an ecl4)se, we find that the sun that we see 
is only the small interior nucleus, so to speak, of the true sun, 

^ This photograph is not given, but the same effect may bo noticed in 
Fig. 1 in the case of the thicker lines of calcium and aiuininium. 



142 


MANCHESTER SCIENCE LECTUREa 


and^the reason we see the interior nucleus alone is because it 
is so very much more bright than the surrounding atmosphere. 
This photograph (Fig. 16) was taken in India in| 1871. When 
we get the dark moon exactly between us and the brighter 
interior sun, there is no diflSiculty whatever in seeing that 
there is an atmosphere with its own characteristic effects, 
extending* to a considerable distance above what we consider 
the sun ordinarily speaking (Fig. 17). So that you see 
telescopically we can make a complete distinctioil between^^t^ti 
part of the sun and the other. 

Now the question is, can .we spectroscopically determine in 
what particular part of the sun each of these elements exists I* 



Pio. 16.— The Sun’s corona, from a phot^raph taken Si 1871. 

Here is another drawing, which shows you what happens when 
we observe the region intermediate between the two I have 
shown you. The first drawing brought before you the 
photosphere of the sun ; the second drawing brought befpi^. 
you the corona — the name given to all the exterior of the sim. 
At the base of the coronal atmosphere, that is, just .above the 
photosphere, we have a region which has been named the 
chiTimosphere, in which certain strange forms are to be seen, 
and which are here shown (Fig. 18) from a drawing by 
Professor Young. These have been called ‘‘ prominences,’.’ or 
“red flames.” 

So that we have the photosphere underlying part of the sun’s 
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atmosphere and above all the coronal atmosphere ; restinjpr in 
the middle, so to speak, this chromosphere and its prominences ; 
and then bet-vp^en the photosphere and the base of the chromo- 

W; 



Fio. 17.-~Tlie Son’s corona and prominences, sketched during the eclipse of l$6S. 


sphere an extremely thin layer where most of the absorption 
t^es place. Now this thin layer has been called the reversing? 
layer, because it is here that the sun’s light is reversed and 



144 MANCHESTER SCIENCE LECTURES. 

th^raunhofer lines produced ; so that the statements generally 
iiiaoe as to the chemical constitution of the sun and stars really 
refer to this particular film — for film it is, in conf oarison to the 
size of the sun— lying between the cliromosphere and photo- 
sphere. We have, therefore, the photosphere, reversing layer, 
chromosphere and coronal atmosphere, into which, if we can, we 
may sort out the difEerent elements. 

Now this is what has been done, and the results are shown 
in the table (p^e 136). 

If you imagine an arrow shot into the sun, it would nrsi; 
pass through the \inknown«eleinent of which the'^upper part 



Fiq. 18 .~ Young’s drawings of prominences. 


of the coronal atmosphere seems to be chiefly composed ; it 
would then come to the region where practically there 
hydrogen and nothing else ; getting into the chromosphere you 
come to another new element, and then in the reversing layer 
you get magnesium, calcium, sodium, &c. At length we come 
to traces of some substances which either exist there in very 
small quantities or lie at a much lower level than the others. 

For one of the important teachings of this work seems to be 
that at the great temperature of the sun — a temperature 
which brings about a dissociation much more complete than 
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.•inythiiig we can obtain here even by electricity, unless perli^ps 
we use the most powerful induction coils- -tlieie is the same 
ma^nilicent oj|ler, though it may not be fully known, whi(*h 
exists througlftut nature, and we find Iiydrogen thinning out 
;it one level and magnesium thinning out at another, and so 
on ; and I have suggested that the systeiii of sti ata produec'd 
l>y this thinning out may be connected with the true vapour 
densities of the elementary bodies. 

^With regaml to inagne.sium and calcium, I should remark 
tha^yie list, made in 1S74 will most probably have to he 
lev’i.sed. as ♦ne of the results of the Eclipse Ex])edition to 
^iaiu in 187o ; ^ for although in aTl ])ast work on the sun it 
was^imj)ossible to determine whether magnesium or calcium 
was highest, the Siam observations seem to athl to the pro- 
bability tha.t (ta,lcium really lies above magnesium ; in other 
words, that the true vajxmr density of calcium is loss than 
Tlie true vapour density of magnesium. This refeience to 
va|)our densities \vill in the next lecture bring me into com- 
]»letf rapport with Piofessor Hoscoe’s leciui^s on the chemical 
striK^ture (W the eart h’s crust. 


Thk Planets. 

Tliene is still, however, .another large group of bodies b) he 
t^onsi^lered - I refer to the Phanets — before we have exhausted 
Ihe bodies^' xternal to the Earth. Although, however, this 
group of bodies is numerous, we have not very mucli to say 
about tliem, for a re.ison 'which I am suie you w'ill easily 
a[)pi^(H*ia,te. \\^lien we deal with the ra,diation of the 
b(\'ivenly bodies, we arS dealing with a condition of vibra 
tion (jf jijfrticles of those bodies at their utmost fineness, 
so that each vibration comes to us witli a story to tell as 
* to the actual chemical con.stitution of that body. Then when 
we cf^me to that large class of objects which we study by 
n^lH^ns of absorption, there ag.ain we have the same mole 
cul/rs doing the same thing, but instead of giving us vibra- 
tions of their own, they absorb other vibrations which weie 
attempting to pass through them. But wli(.*n we come to 
the planets, we come to bodies like our tiwui earth : bodi6s 
<*omi)iiratively cool ; Ijodies not in a state of incandescence, 
wluy matter is not as a rule in a state of gas or vajiour, but 

^ 1 have done this in the tahJe us giv^ii. 
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in ^he solid form. We come therefore to bodies which ttiii 
neither radiate nor absorb light, in the sense in which we 
have dealt with radiation and absorption ; becjjxise, in conse 
(jueiice of the reduction of their temperatures the chemical 
elements have compounded ; we have not the individuality 
which is requisite ; we have not tlie dLsci*ete particles, but 
(^ombinatv)ns of every complexity. As the result of that, 
what is our only chance of seeing them at all ] We see them 
by reflectccl light. The bodies now under consldenition, nv 
like the nebuhe and comets, and unlike the stars, reflect iiglit 
to us, and only l)y the reflection from their surfaces can we 
tell that they exist. Now as all bodies, whether they aie solid 
or li([uid, are spectroscopically dead, so to sjkc?ak, so fa- as 
getting chemical information from them is concei-ned, inquiry 
is perfectly useless ex(‘epting in one pirticular - it proves that 
it is powerless, by showing that the light of the sun is so faith- 
fully reflected by these bodies, that all the principal lines of 
the solar spectrum are to be found in it. It is true that t^jei e 
are exceptions in tte (‘ase of the exterior planets of mir system, 
especially in Uranus and Neptune. In the spectrum of tliose 
Ividies, cool though they are. like our own, in addition to a 
constant absorption of the .sun's atmos[)heie and the eai tV s 
atmospheie, a third ab.sorption of the atmosphere of tlie indi- 
vidual ]danet is indic^ated. With that exception, you will see 
tliJit the spectroscope i.s powerless to lielp us. How then^'an 
we hojje to get at the chemical con.stituti on of the planets if the 
spectroscrope doe.s not come to our assistance I Ther(f is, I feai'. 
only one chance for us, and that is to deteTTiiine, as nearly as may 
be. the densities of these bodies, and to see if it is }K)s.sible toiind 
out anything to rea.son U})on when tjie.se densities have been 
thonaighly well sifted. Now we do know' already with some 
accuracy the density of the planet.s. We know that these 
filanets may be broadly divided into two groups ; w'e have the 
interior grouj), of w'hicli the Earth is one — Mercury, Venus, 
the Earth, Mars — small heiivy planets. The density ol the 
earth is about five and a half times the density of water. 1^1 e 
density of these interior planets you may say, rouglily, is flie 
same as the density of the earth ; therefore we have this 
group of interior planets with a density of five and a half 
t ines that of water. After this we have a comsiderable gap, 
a gap pirtly filled by the minor planets or asteroids ; and aher 
that w’e get another gn>up — Jupiter, Saturn, Uninns, Neptune 
— not small and dense planets like the Earth, but enormou.s 
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liglit planets, having, roiiglily spe^iking, and on the average, 
about the density of water. So that the density of the interior 
])lanets is to ^le density of the exterior planets about as tivt* 
to Now if this density weie known to be assoeiated, in 

the case of the planets I have named with equal solidity fioin 
oeiitre to circumference, of course we should be able tlien to 
form a rough idea a^s to their composition. Hut we do not 
know tliat. But still let us, if we c-an, wirry the impiiry into 
^0 secoiular’v»l>odies of this system — into their satellites. 

take the only case in which facts approximately accu- 
rate aie at^)ur disposal- the case />f Jupiter we tind that if 
ye take the density of the satellites of Jupiter to be on an 
aMii^ige one, the density of Jupiter is live, and the density of 
tlie Earth as an interior planet w'ould be twenty-live : so that 
the outside planets of our system aie one lifth the density of 
the inside planets ; and in the only (^ase where we have a 
compliftated system of .satellites, tliat we can deal with, we 
liave exactly the same relationship there, and the satellite is 
onl}^one tifth of the density of the plaimt itf^elf. 

1 hope To have the oiqxu’tiinity .next wet‘k of j)ointing 
these remarks by leference to wdiat 1 have already brought 
before you, especially to the condensjition of the nebuhe and 
to the particular jwjsition which each chemi(!al element occupies 
at the present moment in the atmosphere of the sun. 
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LECTURE III. 

I . S’ Uie laitor pni t of tlio last locturo I referied to tlie difTei ont 
doiisitios of the two ^'leit jil.-uietaiy groups. We saw th ' in 
<<‘fior ^I'onp of a density, roughly spe iking, five tiiiie.s greater 
t han that of the e.'cterior gioup ; and taking tlie satellites of 
one hotly in the exterior group, w^e found the same relationshi]* 
of density ; the jiriinary being five times as dense as the 
setH)ndai*y body, whieh in that case was one of the satellites of 
Ju[iiter. „ 

lSh)vv the fact that the Earth is one of the inteiior grouj) t)f 
planets le.ids us to assume (and 1 pointe:! out to you that 
assumjition is almost the only thing left to us in regard to 
estimating the cbeiuii^al relationships of the earth) that 
pi’obably the chemical constitution of the earth is sinjilar to 
that of the planets which form tJie interior givmp - -Meivury 
Venus, the Kartb, ami Mars. NowMf we look ujion the planets 
from another point of view, if we consider tlie extimt to which 
some (‘f them are llattened at the jioles, we liml the same 
giouping as we did before. The interior planets* an* 
llat tened very little at the poles," as comp*i*i-ed with I la* 
tlattiMiing of the exterior bodies. Now this tlattening has 
Ihh'U very beautifully experiimmted upon by Professor Plateau; 
and, thanks to Mr. Binyon’s skill, 1 hope 1 shall lie able 
to throw on the S(*reen some of the phenomena to which Pro- 
fessor IMatoau refers. When it is a question of investigating 
tlie fiattening of a planet experimenbilly, the first thing one* Jias 
to do is to take away the intluence that ginvity might have on 
tlie body exp<>rimented u|Man ; and Professor Plateau very 
ingeniously did this by making the rotating body a mass of 
oil in a inixtuie of spirit and water of precisely the same 
specifur gravity ; so that the mass of oil in the centre was 
neither inclined to rise nor fall, if the mixture bad been 
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I>r(>l»ei ly made. Here we have on the screen an image of jjftich 
•A mass of oil and a disc (‘onnected with a spindle, whicli we can 
cause to rev(|lve somewhat rapitlly. The revolution of the 
spilfdle is communicated to tlie oil by me^ula of the disc, and 
what we lind Ls this (sup|)osing the experiment to be jKU’fect). 
With a cert>ain amount of rotation, the spherical form of tlie 
oil first changes into a sphercudal one ; as the rotation is in- 
ci eased we get a flattening-- as the ma,SK of oil is compressed 
one <liredtion it is extended in the other and we get tlu^ 
eipii^lejit of what we have in the bkrth wdiich we describe^ 
by saying^that the eipiatorial (Ujimeter is so much greater 
^thaii the polar diameter. When we are able to repeat this 
be;#itiful expeiimeiit under the l)est (ronditions, we find tliat- 
after a certain j)oint, the oil is not content wdth ex[)andiug 
in one j)lane ; it is not a question of shortening one diain(‘tei- 
land incieasing another, but under one set of conditions tJa* 
oil can be made to form a complete ring, absolutely perfet t 
and disconnected from the central tlise ; and when the rota 
tion of t^ip central disc is slackeneil, tlie cMl then comes back 
again and re-forms, so to speak, a miniature planet. That 
is one case. Another (^ase can be studied by commemting the 
1 otation with somewhat greater i*}i|»idity ; and what hajqiens 
tlien is that, in.stead of getting the fyrmatiou of a ring, tlu* 
oil isJ)roken up and thrown oft* in tangents, forming a kimi 
►of spiral. Tlio.se are the two main classes of ])henoinena 
wliiMi can be obseivod in this way. 

Tlu^ inferior group of planets lias a day almost cntii(‘ly 
tiic saiiiC as ours a period of rotation of about twenty-four 
iioitis. The period of rritation of the exterior planets has 
not l)cen d<Wbrmined ifi the case of the two exterior ones. 
Nejitune.and Uranus ; but we do know that in the ca.se of 
Jupiter and Saturn the ^tation is accjomplished in less than 
lialf the time taken by the members of the interior group. 

Wliat, then, are the facts with regard to these plant^ts and 
th«‘if flattening t 1 am able, by the kindness of several fricials, 
to* throw upon the screen some very be^autiful drawings of 
aft the planets which 1 have mentioned; and I want you to 
be good enough to look at these dniwings from two or three 
points of view. First, I want you to see the difference in the 
amount of the jxilar compression in each ca.se ; and, for futnic 
reference, also the difference in the atmospheric eflesds. We 
will l>egin then with the planet which is most similar to our 
own, the ])lanet Mais. 
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You will 86© that it has markings similar in kind, no doubt, 



Fio, IM. — south pole visiMt*. 



Fto. 20.— Mars ; hotli polar caps visible. 


to tile markings which would be seen by the spectator obseiv 
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ing the Earth from the Moon. You will see also that its 
compression is small— in fact, I may say, that it is not to be 
appreciated all. Here are three drawings of Mai's, made by 
th^ distinguished Dutch astronomer, Kaiser, of Leyden. You 
see that there is no polar flattening. That the up})er part 
represents the true pole of the planet is rentlered evident by 
the fact that you liave there a snow cap at the ^outh pole. 
There again you have the snow cap ; and here in these dark 
►markings vm have seas. The Earth’s place then, in Natiue, 
l*of%^as to polar compression and atmospheric condition, is 
evident! y^ery similar to that of IJ^Iars. When, however, we go 






Fio. 21.— Jupiter. 


from Mars, which is the only member of the interior grouj). 
excepting the Earth, about which we cjin say anything with 
<leei«ion, we see that all the phenomena are considerably 
'cll^nged. 'We pass from a density of five to a density of one. 
and the twenty-four hours day or thereabouts of Mars is now' 
replaced by a day of something like ten hours in tlie case of 
J upiter, the planet which comes next in our survey. Here j\'e 
see how much shorter the polar diameter is than the equa- 
torial one. You will be reminded by these cloud-belts of tlie 
much more simple system of cloud-belts which traverses oiir 
ow'n Earth near the equatorial regions. There is little 
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doi!^bt that the darker portions here are the portions of tlie 
atmosphere of the planet freest from cloud, and it is espe- 
cially in this region tliat an obsei’vation to Vhich I shall 
presently have to refer was made. Going then still out weirds, 
we come from a compression of considerable magnitude to n 
planet in which the compression is somewhat less. But you 
will see, •tliat although the polar compression is somewhat 
less, wo httve wdiat I termed an “ extreme case^’^ when I was 
leferring to Plateau’s experiment. We have in the 
before you (Saturn) exactly the condition which ol^^i ved 
by Plateau in his experimeifts with the oil and inixtuie of spirit 
and water. We have traces of clouds, as in J upiter ; but the 
all-absorbing feature in the case of Saturn is this woiid^ -ful 
ring, about which observations are, fortunately for science, being 
very rapidly accumulated, showing that considerabli^ changes 
ai e going on in it. * 

We now know that w^e are in presence of a ring, or rather 
an iniinite series of rings, of, let us say, meteorites, spiall 
.satellites of Baturn, out of w'hich at some future tffme larger 
satellites will be compounded. This is one of the most beautiful 
results of modern thought and work. Laplace, wdio first con- 
sidered the question of the mechanics of the rings, which wf re 
in his time considered* to be solid, was content to leave them 
solid, provided the rings were very numerous and that tlu> centre 
of gravity of each was not coincident with the centre of gravity 
of the ball ; but modern mathematicians, among Yhom must 
be sj)ecially mentioned Peirce and Clerk Maxwell, nave shown' 
that the rings cannot be solid and cannot be liquid, and in 
short such a structure as that referred to above is the one *iio\v 
required by mathematical theory. ISuch a s^^^ft?tl4le, moie- 
over, is the only one which fits the facts. The brightness of 
diffei*ent portions, the variations in brightness and bi'eadth of 
each bright or dark part, the gradual widening of the wdiole 
system — 29 miles a year according to one eitimate— and many 
other facts are thus easily explained. Some recent observatiqjis,^ 
made by the Wiishington 26-inch equatorial not only establish 
important Changes which have recently been go ng on, but afford 
further evidence of the meteoric structure of the strange append 
a^es,e'.^,,the dusky inner ring is not now perfectly tmnsparent as 
it once was, the planet ctin only be partly seen thi-ougb it, while 
the matter composing it is agglomerated here and there into 
small masses, wiiich prevent the planet being seen. Alottled 
^ TfuUVclol, Proc. A aer. Acad. 1876, p. 174. 




— SaturUf fixun^a dravviug by Trvuvclot, made by tht Waj»hiiigtoii refnu bjr. 
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or cloudy appearances have also been observed on .the surface 
of the exterior portions of the ring system during the last four 
years. 

We must now pass from the facts relating t6 the phys^l 
condition of the two great groups, as it is as yet impossible by 
a further discussion of them to learn anything about the 
(diemical constitution of the planets themselves. The question 
arises — Can we lefim anything about the composition of their 
atmospheres*! Let me remind you that we are dealing witl^ 
that class of bodies which shine by reflected light. It i^^ejjr 
therefore that when we examine by the spectroscope^he light 
of the sun reflected by these bodies, we shall have the solar < 
spectrum, plus the spectrum due to the absorption of any special 
})lanet. Now, as a matter of fact, the solar spectrum, as^b- 
>erved from the Earth, is tainted by, or mixed up with, the 
absorption of our own atmosphere. But fortunately we can 
get rid of the absorption effect of our atmosphere by varying ' 
the observations so that .at one time we shall have a great 
thickness of at^os^here, as when we observe the sun in ihe 
morning or evening, and at other times a small thlf^ness, as 
when we observe at mid day ; and at those times we shall 
have the spectrum changed, owing to this change of condition. 
In tliat way men of science have been able to separate tfie 
absorption taking phu^t at the sun, from the absorption due 
t(» the Earth’s atmosphere. 

The interior planets tell us tliat there is absolutely no 
special absolution in their atmospheres. So far a.Sithey have 
atmospheres at all, they are undoubtedly similar to our own ; 
tlierefore the Earth’s place in Nature is with the interior 
groups of planets. But when we pj.ss out waj<|s f rom \h,e 
intei-ior group to the uttermost confines of the eSenor one, 
wdien we leave Mars to go to Neptune, Saturn, and* Uranus, 
we find that from Jupiter, outw'ards, there is a something 
interpolated into the atmosphere, so that the outermost planet 
has the atmosphere, which differs most from our own. U ranus 
and Neptune have very extraordinary atmospheres of thwr^ 
own, which are indicated by a very definite spectmm. Ti-a^n 
of the substance which gives us this extraordinary absorption 
in the outermost planets are also to be found in the atmospheres 
of ‘Jupiter and Saturn ; so that we are striven to the conclusion 
that the atmosphere of the exterior planets is different from 
the atmosphere of the Earth by the addition of a new absorb- 
ing substance to the aqueous vapour which is the only efftctive 
al^sorber in our own atmospheie. 
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The Question of Evolution. 

1[ have now gone through, seriatim, the physical anti 
chemical constitution of nebuhc, stars and planets, so far as 
the facts and the time at my disposal have enabled me. What 
may we say then as a geneml summation of fliese facts, 
brought toother with a view of determining whether they 
^throw any Ught on the cause of the Earth’s actual chemical 
cbiis^i^Jjjjn ] Physically speaking, the Etirth is a cooled body, 
^revolving round an incandescent ctne. Chemically speaking, its 
chemistry has been most adminibly brought before you by Dr. 
Hg^coe in those three lectures which we have now the oppor- 
tunity of reading carefully ; and its kinship with the other 
bodies which people space has been established by the fact of 
the community of elements. Dealing only with the spectra 
which have been observed in the nebula* we have recognized 
hydrogen ; in the comets we have recognize<l hydrocarbons ; in 
the sta.rs^»i^^nd in the sun we can tell of elements amounting 
to twenty-five in the case of the sun, ne.irly all of which 
elements we have on this Earth ; so that it is not too much to 
sj«y that one of the glories of the spectroscope has been to show 
that the Earth in its chemical constitution is simply a pai*t of 
one oi the great systems of the universe, and differs in no way 
^rom the matter which masses here as nebuhv, there as comets, 
and there as stars. 

I have drawn your attention to the conclu.sion.s which w e are 
justified in drawing from the facts ; and the que.stion is, Does 
thef story end now the fjK^ts end ? I hope to show you that it 
need nfW^WiSfSssfirily d(f .so. A student of science endeavours 
to accumfilate facts. Facts are the rewards of scientific work ; 
but how, when a man of science has accumulated a large 
number of facts, is he best to proceed to get new ones ] That 
is our case. I have endeavoured to bring before you all the 
/acts, roughly, which the spectroscope has placed at oiu* dis- 
pqpal with regard to the chemical constitution of those 
different masses of matter which people spjice. But how^ are 
we to attempt to get more 1 Are we to go haphazard at it 1 
No. Hypothesis is the life-blood of investigation ; and havffig 
an array of facts before you, the thing to do is to attempt 
to put them in such an order that they will suggest inquiry 
in special directions. Do not be afraid when I say that hypo- 
thesis is the life blood of investigation, lest the world should 
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soon be filled with hypotheses. History does not hear this out ; 
and further, a man does just as good work by destroying an 
unsound hypothesis as by establishing firmlyi a true one. 
Having then these facts before us, and having necessarily tf) 
form some hypotheses, what is the most general question that 
we can put to these facts, which tell us of the existence of 
nebulai, comets, suns, planets, and the like ] The most genera] 
question, I tliink, that we'can ask is such a one as this : Have 
we, as the result of our inquiry, got together #ach facts asp 
enable us to consider nebulae, stars, comets, and plaqj^ as 
finished products, each of them gloriously, magnificei®^ perfect 
in its way ; or do these merely represent, let us say, the seedt 
and the flower and the fruit 1 

Here, of course, we have to do with Evolution pure aiid 
simple ; and I may remind you that it is now a good many 
years since two of the most profound thinkers on our planet, 
at the time — I refer to the German and Frenchman, Kant and 
Ijjiplace— "independently arrived at the answer to the question 
1 have propounded. The answer was identical, and it 
this : You have in these various bodies not finishea products, 
each perfect after its kind, but really and truly the seeil 
aiid the flower and the fruit. And the hypothesis which tlv?y 
put forward was something like this — that the nebulje, repre- 
senting what I told you Tycho Brahe considered them to be 
a true fire dust— was probably wrought into stars by m4ii»s of* 
the condensiition due to gmvity, which in time brought the *most 
irregular nebula? down to the appearance and the tonsistenx e 
of a stiir. And then Laplace and Kant, knowing well of the 
observations of the rings of Saturn — the experimental imitation 
of which I have brought before you — suggested planets 

were left behind, first as rings, while the nebula was, contract- 
ing to form a star. So that if you begin, in any quainter of 
^|)ace that you choose, with a nebula, and give it time to work, 
the nebula will condense, a star will be formed, and in the j)ro- 
ce-is rings, which will subsequently bieak up and form phinets 
which will subsequently cool, will be produced. Such thei# i.^ 
an hypothesis which has now been before the world some yeitrs 
and certainly is exceeded by none in the grandeur and gni»}> 
of*,it3 conception ; it was started before the spectroscope, as we 
now know it, wins dreamt of. Do the facts which have been 
bi*ought to light by the spectroscope lead us to think that 
this hypothesis will no longer hold water now we have got 
a larger area of facts to deal with, or do the new facts really 



WHY THE EAKTH^S CHEMISTRY IS AS IT IS. 


157 


come well ki and support the old and enable us to fit other 
parts into it 1 

Now, in order to deal with this question, I shall first trace 
thik passage from the nebula to the star, which is the first jwirt 
of the conception of Kant and I^aplace. If you will consider 
tlie conditions at work in a nebula such as I told you 
Professor Tait is content to imagine it, namel;^ a nebula 
consisting of a huge cloud of stones, the luminosity of wdiich 
depends chk?fly upon the impact of these stones together, and 

surest in part upon dissociation of hydrocarbon — if you 
take siteii ‘a nebula as this, and ^imagine it to be condensed 
to a star, you will see at once that the conditions of Plateau’s 
famoq^^xperiment are exactly reversed. In the experiment, 
we begin with the star at rest, and the ex})eriment is per- 
formed by setting it in motion. But in trutli, if Kant was 
I’ight, that experiment must l)e exactly reversed ; rotation will 
be at the end of the business. We must imagine rotation set 
u]) over an immense area, rapid enough, after the condensation 
in^a plaj^e is considerable, to give us iiainy rings. What 
Plateau saw when the matter went outwards wdll ocuuir l)ack' 
w'ards, as the matter condenses inwards. Instead of rings 
fgrmed and moving outwards we shall have rings formed aiul 
moving inwards, tangential outpourings will bo rej)resented by 
tangential inpourings, I will rec^all J^our attention to two or 
►.thi*ee nebulai, which I showed you on a former ocmsion, and in 
the^ light of this hypothesis, I think you will see that the 
telescopies evidence is also in favour of the idea. I am now' 
about to show you the grouf) of nebuhe sketchcMl by Jjord 
Kiyjse, some of them having been ob.served in the first instance 
by Sir TIp.r.schel., I do not wish to call your attention 

to all of, them, although much might be said, I am sure, about 
every one ; but I w'ant especially to draw^ your attention to 
those which res nible Saturn, and are like the sphere and 
ring of oil in Platean’s experiment. We have in the centr<^ 
;i condensation ; we have around it a glolmlar mass not so 
' brilliantly illnminated ; and around it again w e have a ring, 
'fliere again is an object of an almost similar kind, seen 
from a different point of view, in which the ring is edge- 
ways to us, I might go on taking up very rnu(;h morq^ of 
your time, but I don't think it is necessiiry to enlarge very 
much upon this part of the subject, after the dniwings I 
showed you on the first occasion. It will be clear to you that 
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if we take this view we shall demand with each degree of 
condensation, with each degree of contraction, an increase 
in brilliancy ; so that the smaller the space occupied by the 
materials which first constituted the nebula, the brighi/er 
and the hotter will they become. So that we must imagine 
that the star finally formed must be one in an intense state of 
incandescence ; in bujt, in a state of incandescence of which we 
cannot have i-he most remote notion. 

What says the spectroscope ? Here the spectros'ftbpe is quit e*^ 
at one, I think, with the idea ; in fact, there are ne|)ul^ aiicl 
stars with 8]:)ectra so similar* that if one had the evidence of ^ 
the sjiectroscope alone, it might be imjiossible to decide which 
was nebula and which was star. Now this may b(Ha> little 
startling to some of you, and therefore it is only fair I should 
explain it. The stars, you know, are so remote from us that 
in the most jK)wei*ful telescopes to which spectroscopes are 
applied, they ajipear only as the finest points of light. Now 
these points of light, it is not absurd to imagine, may in sopie 
instances be two millions, or perhaps even three nvHions, Of 
miles in real diameter. We know that our own sun, which is 
certainly not the largest star in the heavens, is nearly one 
million miles in diameter ; that is to say, the true sun, the true 
stellar nucleus, is one njillion miles in diameter. Now when 1 
dealt in my second lecture with the physical constitution of the 
sun, I pointed out that the sun which we see, the sun winch ' 
sends us the majority of the light we receive, is but a small- 
kernel in a gigantic nut, so that the diameter of the real sun 
may be, say, two million miles. Suppose then that some 
stars have very large coronal atmospheres ; if the area 'of 
the coronal atmosphere is small compared withr*ffeo-s*!3rea of 
the section of the true disc of the sun, of course we shall get 
an ordinary spectrum of the star ; that is to say, we shall get 
the indications of absorption which make us class the stars 
apart; we shall get a continuous spectrum banned by dark 
lines. But suppose that the area of the coronal atmosphere is , 
something very considerable indeed, let us assume that it hi^s 
an area, say fifty times greater than the section of tlie corona 
of the star itself ; now, although each unit of surface of that 
coronal atmosphere may be much less luminous than an equal 
unit of surface of the true star at the centre, yet if the area 
be very large, the spectroscopic writing of that large area will 
become visible side by side with the dark lines due to the 
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brilliant region in the centre where we can study absorption ; 
other lines (bright ones) proceeding from the exterior j>ortion 
of that star will be visible in the spectrum of the apparent 
pohke^ we call a star. Now it is difficult to vsay whetlier such a 
body as that is a sbir or a nebula. We may l(X)k upon it ns 
a nebula in a certain stage of eondensjition ; we may look upon 
it as a sttir at a certain stfige of growth. ^ 

And in the fact that we have actual nebulous ^tars — shirs 
which in the-<telescojie can scjircely be defined from true stars, 
"alrd sji^>(;troscopic effects such that it is difficult for us to say 
wh ether »ttery are produced by star pr nebula, we have in these 
^’o points very strong arguments indeed in favour of this [mrt 
at id I e^;p^ts of the evolution hypothesis. 

much then for the passtige from nebula to star. 
How about the ptssage from shir to planet I Ixjt us, in tlie 
first instance, assume that the nelnila is vastly condensed 
before the rings begin to form. It is difficult of course for us 
to say whether this is really true or not, becniuse we know not 
the Tlistaiu^e of the nebulae ; but I think yo^ will agree that it 
is a fair assumption. In this case, if the condensation is ex- 
cessive, and the heat due to arrested motion be excessive also, 
we shall have then to deal with the bu;ts. Where in the heavens 
have we just this pfirticular series of facts ] We have it in 
the sun. We have the sun now neai' to u?, so that we can study 
its constitution, still in a state of intense incandescence, and 
so far as that point goes at all events it may be fairly^biken its 
lepre.sent probaldy an earlier stage of its growth. And the 
being so, I think it will be fair to take the sun as repro- 
sentjng the closest approximation to a nebula in its last sbige 
which i^uym^ble to us.~. It would be better perhaps if the 
line between the inner and outer atmospheres were less sharp, 
but we must take it as it is. Now' one of the most unforeseen 
results connected with recent solar work has been tluit the 
different chemical substances which various observers liave 
placed in the atmosphere of the sim,are not all mixed up {xdl 
‘({ie^, but are really thinned out into layers ; so tliat we can not 
only say, when we wish to compare the chemical constitution 
of the Earth with the sun, that the chemical constitution 
of the sun is so and so, but we can say that in the chemical 
constitution of the sun this element occupies one position in 
the solar atmosphere, and that element occupies another. »So 
that, in fact, bilung the sun to represent a nebula at the time 
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that rings were being formed (mind you, I don'| say thrown 
off, we must reverse Plateau’s idea), the fundamental point we 
have to bear in mind is that if we take the sun at all, we must 
take it with its layers. Now here we have an opportunity 
which Kant had not ; and here, I think, the spectroscope 
enables us to deal with Kants hypothesis in a somewhat satis- 
factory manner. We may be said to improve somewhat upon 
the conceptions which were merely physical by making them 
slightly chtoical. Now if we have these known metals placed as 
near as may be in this order [Table]- - probably the po^sitip^. 
of the metal aluminium is the most doubtful,— j^^Jiave in 
the jfirst instance to account for the absence of the metalloids 
I have given grounds elsewhere, and it is not necessary to 
repeat them to-night, for believing that the most fahbi hie 
position for the various metalloids in the solar economy is out- 
side these metallic strata. So that if we take a section of the 
sun’s atmosjdiere, we must imagine the metalloids to l)e outside* 
if they he there at all, and then as a link between the metal- 
loids and denser metals, hydrogen, calcium, and magnes;um 
generally coming in that order, or thereabouts. L«t us for i\ 
moment consider the sun as a nebula. Theie is ample evi- 
dence, I think, to show that the temperature of the nebula, 
was then as gi*eat as the temperatuie of tlie sun is now ; 
consequently you wilUdiave all these metals existing uncom- 
bined, the metalloids existing outside, also pi’obably ivntiom 
bined. And what liaj)pens on Kant’s hypotliesis '? — thaj the' 
nebula in starting a I’otation and contracting leaves l^hind it ii,, 
exterior portion ; so that probably we may say that the first 
planet thrown off— let us assume that that was Neptune, 
although probably there are many planets beyo nd N eptuhe - 
must have been thrown off from the Extreme limn, m si^cdi a 
nebula, aud must have been built up of those pii*ticiilar mate 
rials which w^ere existing at that particular part of the nebula ; 
that u to sap^ that it is almost impossible that there should not be 
an overwhelmiup pre^Hynderance of metalloid in Neptune. fhe 
various rings aie formed from the exterior of the nebula whilv. 
the contraction is going on, they will consist chiefly of metal- 
loids ; whereas when we come nearer to tlie sun, they will con- 
sist chiefly of metal. Now that being so, we have t\ro oppor- 
tflnitie.s of testing the idea which has led to this conclusion. 
If the exterior planets are metalloidal and the interior planets 
are metallic — (I do not mean that one group is entirely metal- 
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loidal and jinother mtirely metallic) — it will be impo^ssible 
for the density of the exterior planets t-o Ij© as great as the 
density of the interior planets. We liave already found out 
thaf^ that density, as a matter of fact, is about one to live. 
This density, of course, must be lower, because we shall have 
. the best possible conditions for high density where we get 
the metal in its^ purest state. Where the density than is letist, 
in the case of the exterior planets, we shall find probably that 
1!he velocitj^f rottition will be different from the velocities 
of* roti^ionof the other planets. That also, I have already 
pc inted fllfrto you, has been entirely answered by observation. 
4iet us then, if we can, take this one step further. I..et us tiiko 
foi^n^l^l that the difference between the interior planets 
ana the exterior planets is precisely of this kind, ('an w^e 
trace the same principle — can vre send this chemical touxdi 
/urther into the hypothesis, and deal with, say, no longer 
the sun and the planet, but a planet and its satellite ? I 
thijjc we can ; and I think too that in the case of Jupiter, 
the density of wdiich as compired with •the density of its 
satellites I have already mentioned to you, wo have a 
most singular corrobotation of the continuation of the sifting 
process. 

If the facts I stated in the last legture were accurate — 
and I^believe they were Jis accurate as they may be in the 
y»res9nt state of science — the density of the s/itellites of 
»tipiTer in the main is only about one-fifth that of w^ater. 
Now it ^ happens that one of the satellites of Jupiter, 
when it crosses the disc, very often puts on a very dark 
appearance. We have, therefore, here very good re^ason to 
infer tUHilfis particular sjitellite of Jupiter may probably 
be nfbrel^t a mass of gas ; and it is very possible that in the 
case of Neptune and Uranus we may be dealing with 
, bodies which, for the same reason, will remain almost for 
ever in a semi gaseous state. And let me remind you that 
J^s Vould at once explain the spectrosciopic resefirches of 
V^el and others on the atmospheres of these planets. If 
you have an atmosphere round Neptune and Uninus consisting 
oi combined metalloids, we may have our choice between 
several possible spectra. I believe no one htvs yet made the 
direct experiment, but the description of the spectrum of 
Neptune given by Vogel is not very dissimilar from the spectra 
of the different oxides of nitrogen. That at once then would 
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explain the various spectroscjopic differences sJ well as the 
compression difference. 

I must remind you, in order to make perfectly clear what I 
have already ventured to bring before you with regard tc^Hhe 
form of these rings, that of course it is assumed that after 
the ring has been formed it eventually breaks up. NTow the 
facts, I t^nk, seem to show that when this breaking-up takes 
place, a coiisiderable amount of heat is produced ; so that you 
see, if we consider the density of the exterior plafi^jts and theij: 
satellites, Jupiter, <^c., and of our own Earth and its^^uilellite, 
we have indications not only that this sifting, IChis sorting 
process, did really go on in the formation of the satellites a.; 
well as in the formation of the priiharies, hut^ hecausfv^ hpT^ajcess 
ronld go on at all, we have, I thinh, also additional evidence that 
there must have been a great amount of heat produced. This 
heat is necessary to the hypothesis, both for the formation of 
the primary and the secondary bodies ; because, unless you 
have heat enough to get perfect dissociation, you will not Jjiave 
that sorting out w4iich always seems to follow the srine law. 

So much then for the passage from star to planet. Does this 
then throw any light upon the question — what I acknowledge 
to be one of the great points it is my duty to discuss- -of 
the oiigin of the che^jiical constitution of the Earth 1 

Twice I have insisted upon this — that the hypothesis is 
almost worthless unless we assume very high temperatures. 
Now then, let us consider the Earth, which we know to be ore 
of the interior planets, at the moment the ring— in which 
form it once existed according to the hyjiothesis — had been 
broken. By the breaking of, this ring we have the future 
Earth, a mass of vapour in a state of incandesceisei<^. . 

I have already told you enough about the near similarity of 
the chemical constitution of the earth and sun to justify me in 
again asking you to let me see in the existing sim just such 
a mass of matter as our Earth then was. Now then, we simply 
go over the same line of facts again. This list of metals’, with 
the exterior metalloids, must now do duty, not as it did befpre, 
for a nebula before it threw off its rings, but for our own 
Earth, after the time when a ring had formed to become the 
Moon ultimately. What would happen 1 

We know for certain that the Ear^ is now a cool body ; but 
I do not think we know that with any greater certainty than 
we know that the Earth was once a very hot body ; therefore 
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there has btfen a process of cooling going on. Now I want 
you to answer for yourselves tliis question^ Wliat would be 
the stages of the cooling ! We have, by hypothesis, metal- 
loid# outside — metalloids not in combination with metals, in 
consequence of the high temperature. Such as the solar 
condition is now, such doubtless was the terrestrial condition 
then. What is the first process then that take^ place on 
cooling! — combination. What then will be the process of 
tiombinatu)!^ The metals and the metalloids wift combine, 
according to their position in the present atmosphere of the 
^svn, iiiVlI^then atmosphere of l^e Earth. If, let us say, 
/xygen and chlorine cannot combine with hydrogen at a 
particujjjipr stage of temj)eratui*e, they may go lower down, 
an^ attempt to combine with calcium and magnesium. But it 
is certain that if at any time they could have combined with 
jiiagnesium and calcium, they would have had no chance of 
combining with iron, because iix)n was shielded by this 
enormous buffer of the upper metils. 8o that wo ought to 
fin4^ tha^the crust of the Earth in the# main consists of 
combinations of metalloids with those metals which exist 
highest in the atmosphere of the sun. Now it is not necossiiry 
thijt I should state any detailed facts on this point, because 
Professor Roscoe has already done that for me. I am sure 
you will all at once grasp that the cofhposition required by 
tJie #£ate of things I have pictured is exiictly such a com- 
^sitton as Dr. Roscoe has brought before you ; and if that is 
not sufficient I will read this extract from i\work by an 
eminent geologist, Professor Prestwick Tliis is wluit ho says 
abojt the composition of the Earth’s crust : — 

Th^pj^j^e number^ of known elements composing the 
cmstpahd atmosphere of the Earth amount only to sixty-four, 
and their relative distribution is vastly disproportionate. It 
has been estimated that oxygen in combination forms by weight 
'one-half of the Earth’s crust; silicon enters for a quarter; 
then • follow aluminium, calcium, magnesium, potassium, 
^sociium, iron, carbon. These nine together bive been esti- 
mi!ted.^ to constitute Earth’s crust. The other 

k tiSw consist of the remaining fifty-five non-metallic and 
^tallic elements.” ^ ^ 

Now I think that I shall carry you with me when I say tlmt 
an hypothesis like the one whi^ I have brought before you 
^ Prcstwich, The Pasl and Future of Ocology, Macmillan, 1875. 
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— an hypothesis due to Kant and Laplace — wliich leads to 
mental results so <«^ery near the truth of nature, if it cannot 
be accepted as actual truth, is so near the truth that 'it 
deserves that any amount of trouble shall be brought to bear 
upon it to test it more and more carefully, to find out its 
weak points and to promulgate its strong ones, in order to , 
beget tlio^iugh woik. 

You se^ then that if the metalloids combine with this 
upper group of metals, two things happen — twf!>*p©ints reh^j:. 
tive to the chemistry of the Earth, which are we^Tworfli 
further inquiry. It folh)ws that a large oi the. 

interior of the Kirth consists of pure metal— and as Dr!* 
lioscoe has refeiTed to that point I need not toii(3L t^^on it 
further — and if the Eai-th is anything like the sun — ana we 
have no reason to doubt their almost perfect similarity— we 
may be perfectly certain that a large portion of that metal will, 
be iron. It is quite possible that the magnetic state of the 
Earth— for tlie Eartli is a great magnet — may be connected 
with the exi.^tenc«* of tliis enormous mass of per^f^«tly pure 
iron low^ down in the Earth. I am not recalling your 
attention to the existence of this pure iron with any commer- 
cial view, but it is important that we should learn all we pan 
in regard to the Eiirth’s magnetism, upon which our commerce 
so largely depends. 

Another point is this, if the history of the Earth an^ tluft 
history of the otlier planets, so far as the chemiciil nfttuve 
of the crusts goes, is a history of the descent of the'metalloids 
upon the mettils, tve must regard the atmosphere of any planet 
at any time as the mere residuum which has heen left after»,all 
posMe conMnation has taken plcweA Our owiWi:»iaE:i.?sphere 
consists of oxygen and nitrogen — still uncombined, fortu- 
nately — and of aqueous vapour, a combination of oxygen with 
the highest known metal which we see on the list. 

Tliis consideration at once explains how it is that in the 
moon — which at one time doubtless w’as the scene of actfviti^ 
of a geologicjil character probably far greater than anything 
which took place here ; that in the moon — of which I bring 
before you a very beautiful portrait by Mr, Rutherfurd, of 
I^w York — so far as we know, there is now no atmosphere ^St 
all ; or, at all events, if any atmosphere exist there, it is one 
so slight that scarcely a remnant of the pure gases has been 
left, and no aqueous vapour. . 
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This bri^s us to seveml very interesting questions iv- 
gfirding the Earth’s future ; but I feel tfiat I sliall not be 
j^istified in entering upon them. I trust, however, with regard 
t(^he past, that you will l>e content to see, in the facts that 
I have ventured to bring before you, that chemists really 
would be justified in giving great attention to the study of 
the chemical nature of non-terrestrial matter, i^^ order that 
the true chemisti-y of the Eiirth may be better uia]orstood. 
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